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1. INTRODUCTION 

'Ibe Clean Air Act Amendments of 1990 require the use of oxyaenated psoline in the 

39 areas of the cout trY that exceed aatioaal health stanc;t8rds for carbon monoxide (CO). 

Cuban· monoxide ;onu1ior. is caused by incomplete bumiDJ of fuels used in internal . . . ' . ... 
combustion enJU9 and is aeneraJly more severe duriDJ cold winter temperatures. 1bat is 

why the oxyaenated psolme propam coven just the typicany coldest winter months ill areas 
excecdilla the co staaduds. . Esseoriany, psoliae is diluted by actctina oxya=-s. such as 

eth•ool or methyl t=duy -butyl ether (Jmown u MTBB), which ~ teduces certain other 

orpDic coinpounds. 1be result is decreased ~iuions of co aDd. some. other toxic air 

pollutants (e.a., bemeae). However, some trade-oft's are also eJCPOCfed. to be aeceisary 
between (1) the expected reductions in CO, beazeae~ etc., Uld (2) iDcreased emiuions of 

MTBB aDd c:ertam other substauces (e.a.~ fcmn•¥e~J,yde). 

Typicany, MTBE-oxypnaied psoliile comims approximately 15 S MTBE by volume 

within coaventicmal psoliae. This. ~lume of MTBB tnnsJata iilt.o approximately 2. 7 ~ 

oxyaen by ..,eiJht, which is the federally mandated standard. Oxyfoels with MTBB are · 

widely used. 'l'bae wae sevea metrOpoJitaD areas ibat bad requilemenD for oxyfueJa 

(at lower oxypaare Jevela tbaa CIIIJ'elltly ued) befote·l992. 1be Deaver, CO, propam 

bepD. ill 1988, IDd tift oftbe:~pmpms,boe beeD oferatinc siDce 1989. Medlyl 

tel1iarj batyl ethel' CODSlllules ~ 80S of tbe OXJP'mtel sold iD the Pboeai:x llld Tacsoll, · 
• 0 •• 

AZ, Uld Deaver pmpama. I~ of.the axyfuels pmpam, ~is ued U.lll 

oaane enblnra". It ia mely ued bl ..... psolia; at mqh1y 0.2 S (JM&iftl Up to .about . . . . 
· 2.5 S) of MTBB; IDd a lipifkant poitba of prCmiinn psoliae COIDiDI 2 to 9S HI'BB. · 

AaiDilylia of tbe ambient air qaa6ty bl tbe ~Filled pantino ueu by tbe U.S •. 

EDvimn:.-e"''' PmCo:t~oa Apacy'• <BPA~•> omce CJf.Mgbile Sources <~ hMficates thit 
~ ftr:e llllllJ ._: ViDJadona of the c~ •sf.nctan~ b ~ 1992 t!aoa&·~ 'Cad 
of Peomary 1993 - iD mm11r periods bl ~ JeaD (U.S. Blwhonmental PmCecdoD · 

At,etll:y, 1993b). Baled Oil tbia IDilylia, OMS ·demmjmd dill~. tbe number of 

CO e.xr-tanree ill aD mu decreased by 80S Oil aveap. BTceeclaDca were 

reduced ~ 95S bl tbe 21 DeW OXJP"~ psotino propams llld by 50S iD tbe propams 

tbat began prior to 1m (tbeso propams puenlly required about 2 s oX,aea by weiPt 
prior to 1992). 1be eiPt Cllifomia propams expcrieaced 111 80S reducdoa wbile 

' 



implementing a prorm requiring a le5scr standard of only 2 95 oxygen by weight (about 9" . 
MTBE by volume)._ Although normal variations in meteorolQgical conditions or patterDs .of 

vehicle use 'might have contributed to. the decline in co exceed" aces .in some nonattainment 

areas, OMS concl:. ..:.d that the aggregate nationa data sua~· strongly that oxygeDP~ 
gasoline bad the kind of positive effect overall that was intended. 

. 1bis assessment updates EPA's Oftke·of ReseaiCh and Development (ORD) February · 

1993 ~entitled •MTBE-oxypnated ~lines and_ Public Health Issues• (U.S. 

~t:atal PrOtecdon Apa;y, 199~). 1be Febmaly a=port ~ developed to assist tbe 

EPA.'s Office of Mobile ~ IDd R4i.oas VIU IDd X ui evaJnatinl bealtb symptom 

0 compJaiDts by some residents in Fahbub llld ADclloJ:a&e, AX aDd Missoula,· MT. 
. . . 

In Fahbub, Missoula, llld Deaver, plblicimd brllines wae ~le that solicited 

comments on oxyfuels, ibe.teby ~itadftl c:omminric•ticm lbout ·complamts •. -People ~ 

F~ 3lld, to a Jesser.~. in Misinda llllde tbeir bealth complainU psblic thtoup 
these hQdines in the 1992-93 ~ leiiOIL On. the ~-haDd, ba Deaver, where oxyfue1s 

. . 
with 8 S M'IBB weze iDt:R:Idlxod ill1988, tbele wae a few complaillls about odor llld health 

symptoms injtjaDy (28 health complafnts oat of a toCil of about 2,670 complaillts) · (Livo, 

1993); bowever, in die 1990-911riater 1e11011, in wbidl oxyfue1s mntained about.14S 
. . . . 

MTBB, almost 110 odor ~ ~. c:Omplaiall wae made to a plbHcly ldvatisecl botliDe. The 

P~ ~ hotJiDea ud .meeD& .. ~ cwppWnb ~ ~..,tini &croll that mate· 
it difficult to iiiU:lpret ·the !Mininaoof ~ I)~· IDdividuaJa ill adler ueas baving 

0 • 

. MTBB -~ have DOt Dildo .IQIII belllh ~inti, bat all ia:eu ill die HmB oxyfuels 

propamo do DOt have lUCia hatJinee aad - if_tbeJ did, the t)pel of ~lliDII'tieiq made . 
. . 

.elsewheie caald veq eui1)' 10 Clllltpii.1Dd. .llliD'J cue, sacia lelf~ ~laiDts ue an 
~sitive iidi:ator of the ~cute effocts ofiDaemt "'ld ue aotuetbl to pmdict ,_lthor.i.~~. 

altboap tbeJ am ~ble illiM•if)iq tile Deed for~ Or CODtiODed smdies •. 
1be primuy fhvtinl ~ ORD'a Peblllal'J .npad (U.S. BIM:ron~ PwlectioD 

Apiti:J, 1993&) ~that tbe pacitJ orb, iufoc;matfcm Dilde qaanli•a•he risk.._...., 
imPosuJe. However, bennse dlerO were 11111Uiioaa of the po«oi•ial foro health elfal, 
rescudl wu Deeded to fill in impo11aDt bowJed&e pps. Tbelefore; a reseatdlud 

~sment program wu initiated (plima1ily ·fwlded by tbe U.S. Bovitoornent21 Protection 
0 • • 

Ageui:y [EPA] and industry (espri•Dy the Amedcaa Petrolaun lllstmrte, tbe ~pmated 

., 



Fuels Association, and the Synthetic Orpnic Chemical Mmufact~Rr's Associatioil]) 'n 
January 1993 to provide information as inputs to policy decision making for tbe next oxyfuel 

season in the Fall of 199~. 1be results of tbe tesearCh from tbe participating insdiutions. 

were presented and discussed at the •confereuce on MTBB and OtbU OXygenates: 
. . ' _,. . . 

A Resea!cll·u~· (1993) ill Falls Chmdl, VA, on 1uly26-29, 1993. 

'Ibis asseasm~ of poteDtia1 bealth ~ ~ws upon tbe ~ iDformation on MTBB 

aDd intearates tbe ~ of tbe very ~ ··RSelldl effort. Altbaup the optimal approach 

for an assessmeat involvea ~- data in ptbtislwl papers tbat have UDdeqone peer . . . 
leYiew, ·such a publbtion process typicaD.J tabs at ~ 1 year. 'ibus, it wu DOC"'Saty to 

eva!~ the data proVided within 11011-pC,er..~ xepCms or m pies.e~ aw~e· at tbe · 

Confereace on MTBE llld Other OxJF"'iea (1993). Most, if DOt an, of tbese reports Inc! · 
. . 

preseribtiODS UDderW~ rtMewl ~ tbe orpaizatioD mnduc:dftl tbe research. .Ill a few . 

cases, tbe wort bas. been subjected to extemaJ peer-leYiew (8 zefemDce Jist). · 'Ibe ORD · · • · 

critiCally evah"tecl tbe ciied tepolU -~ u possible IIKI1ueaipred to describe _tbe. Vuioas 

appueat sDeqtbs llld weQnessa of particular IIUdiea" Neverdleleu, wbellsummuies 

· (e.g., abscndl) orpmlimjnry 6DdiDp of unpuNished iepoltllm ~ ~. tbe 

poteudal existl tbat fbrtber lllllya by tbe .IURI' :Iter or ~ ennrinadon of tbe 

· eDtile c!IJa let could taalt in wtcfidona1 or cliffete& cmcmsima. 

The fo11owiDa ditcualon cuter~· OD tbe CGil'illt ICienliflc_ illf~ about potential· 

bealth Iisb of M'I'1iB. A ~.Oilier by lir poDIIIIDtJ_ au0Ci1ted with use of MTBB 

oxy&~ated fuels are dilc:a1.S Wly. Ideally, a fall tePort would provJde qaaadladve risk- · 

beoe& compriiODI of CO 111111 .Kl'BB, llld lllllpe tbe mJadve J:i1b PIEICated by_ odler 

ps01ine CO'IIpQDellf.l (incbJclini ~ -~ ptOJmO JDbtme)_IJid 1bek CQ!Dhnsdon ~· 
However, u T{il1 be dialled,_ tbe availabJe hat\"•natim il tDo ipUie to uiUe IIICh 

complfldve risk Ntimllei .ne -~ risk. evMwdm foca.- • die aencnt public, not 

pq.~ bi OCX4p'tbla (e.,., pa .,.,miiiiiMJantft, tal cld¥~) baYIDI hill- e•pwte~ to· 

oxylaela. Seweml ltDdiel Of. ~donally eq...,.,d people wem CODdacted ·to otnln data on . 

people libly to have hial- eip)IUiel dllll tbe pnenl pabBc. Bowever, tbia dak fNihJadqn . . .. . . . . 
·treats thele peOple u iepn~ nt•tfve of a hiPIJ-e•J»aed, paerally heiJthy pvup of people to 

provide a perspective on wbat might ~ to lwltby membea of tbe aneW popdace 

reeeiviq lower IDd las ftequem exposun:s to M'l'BB. 

3 



sections: (1) health effects;~)~ quality and exposures; and (3) a summary discussion of. 

potential risks that integrates current health effects and exposun: information. Because. 

research on the effects. of low temperatures· (down to -20 •F) on emissions from vehicles 

using MlBE oxyfuels is not yet complete, this wdik will be reported Jater. 
. . 

·2. HEALTH EFFEcrS 

Although MTBB is ~ fOQJS of this report. beazeae. form•JMbyde, and l,~~tadiene 

are also. briefly addressed becauie tbe IMitioa of MTBB can affect the eminiOas of these 

major fuel-related air taxies~ Methyl tertiary batyl etber is primarily· an evaporadve 

emission, but some is preseDt in tailpipe emissioas, espec;any if the catalyst is not tuny 

performing (e.J.~ befom it is wumecl-up or wbea it is ~- Beazeue is pdmarlly . . 
a tailpipe emiuionllld can also be preseDt ill evaporadve emissions. Pmm•ldehyde IDd 

1 ,3-butadiale are saictly tailpipe emissioaa.. 

1'hloUpout, it is impodaDl to 8adu •• ., 1111t coaveatiaaiJ. auoBDe· witbout oxyp.ies· 

or with very Icn.V levels of oxygeaates ca1l cause heiJtb. e:ftecu, IDd tbat W1th effects are 

related to tbe level and dmadOa of eip)~Dte. 1'llele fuels ~ tbeir ~ ~ are 

in this docn~ent, tbe potead•l of~ miximea ~ ·tbe iDdividaal ~ to cause cancer 

·and DODCaDCel' Jlealth eft'~ thoukl be con~ llld w.!i..., apinst pccential idded ds1t 

fiom MT.BB iD.Oider to provide a c:oD.pJ. .-,IlL .AJtboaab cbrmb1a may P,. diffeteut 

types and ctepeea· ·of br:IJtb bazlrdl; pMc hMith CDID'I'ftl cm1y ocxm abOve c:cmia · · 
' . 

-· t!xposure QOfKG•"adoas,.JVbich.am ~-- IJ_.:h ~CIL V~ ia-ec~ ... 

duladons aDd p~nenu are abo very impodaDl ia dnmlnlna die IIIIUie ad ~,. of . 
potential Jlealtb effedl. For ecample, llat-term eq'OIIWtll to a dnmcaJ: c:aa CIIJIO cliffaeat 

effedl ftom Joaa-tam ecposan:s. The level ofpbJiicaliCiivilJ (~c., aadle) beiDa 
pedcmned d111ini tbe time of exp0swe ad the lnlllll staiDi-of tbe penon beiDI C&looeecl an 

also iDflueuce tbe degree of lnJth effecta can_, by ada cbearical Purtbm:mme, wJM:D 
people are exposed to evaporative and combasdoll elniuioas &om vehicles, tbey are exposed 

to a complex mixture of lmDdreds ·of chemicals, DOt just to :t.n'BB aloae. This exposme to 

• 



.·_1-

.. 
the mixture will affect the health outcome. In the epidemiolop:al studies to be discussed 
here, people exposed to mixtures were evaluated: Ii1 the bnman clinical and animal studies . . . 
discussed below, exposures were to •pure• MTBB (Le., MTBB in filtered air), DOt to a 
complex mixture of MTBB oxyfuel. 'Iblu, joiDWntelpi'CDJioll of studies of MTBB au.oae IDd 

in mixtures is ~ to predict effects. 

1bis section focu• on the aamre !'f potential WJth eft'eca, DOt ezposures or 
collSeqUent risks, which are covered latCr (see Sections 3 llld 4). 

2.1 ~bon Monoside · 

The.Clem Air Act dimcts the A~nistntor of tbe EPA to eslai)Dth Nat;onal ~ 
·Air Quality Scududa (NAA~ ~ seveal ~air pollalaD'I, baed on scientific. 
crltelia llld aJ1cnriDa for aa ldequUe maqiD. of sl&cy to pmlia piblic W.lth; Tile ro . . . 
NAAQS is 9_ppm for Ill 8-h Mnp llld 35 ppm. far a 1-b aveap; nflther is to 1?0 
exCeeded IDOie ... oace per year; So IIIIDJ u.s. d••rftls am pD~Ifi•ftJ e~ to CO tbat 
Conpess llllde ita mduc:tion a ntjmaJ pdudty by requidlia [Seclbl.211(m) Of tbe ~] · 
OxJJC'"b'd psnH~ pop11111 in cities tblt.clo aot .aaia tbe CO NAAQS, . .,..iaainl on 
November 1, 1992. 

11le EPA bu dommtetl die drtrimemtal breJth etra:u tlllt CO c:a liM on . . 
popaJadou (U.S. Baviran'MIIIal Prot.ecdaa Apa:J, 1991a). ~~is a 
co~~ Ododla, llld JIOllinilali .. pslblt Ia ~....,. .... lbelimpiaro the 
bloodmam, theN fonnlna a slowly leVeDible camp._ willa~ (Bb) lr:Down u 

~- . oxyaea ~ to Yilal d-, ifra1"w pri•uriiJdle canliMrMt _. J*WUS ., ..... 
AJtbmch 1118 ..._.,.~·cOBb II mwPble, 1118 eljmlrwtitr.i..lllif-dmo Ia qall8 Joaa bause 

. I o• . t! • .. . . . ·. , ./'~ t ~ . • "' . h . 
of die dPt bidnc· .. .,..~ co· ad m,( .11da ca~~ll.i to m:>'"'dslim of COBb, ad 
elltiwfed ex1ooUei to evea ~ low CXJIK'O••iaa•iaa ~CO.., pwdace .. bllud_ally .. 
u.cn..s. blood Ieveii of COBb. 

1'be etfecll of AP*J18 to low COIUUttatioaa IDdi.M·b ~ ~ Ia ..... . . . . ' 

·poisoniq fiom bip CO Jcvels. Maximal exezdse pedb• "ISOM iD •lthJ iDdMduals has 
been sbown·. to be aft'ected ll COBb levels of 2.3 S llld pellet. The tedacdoDa ill 

s 
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. perfonnance at these levels are small and are likely to affect only competing athletes rather 

than people engaged in the activities of_daily life. CeDtral oervous system effects, observed . . . 

at peak COHb levels of S ~ and greater, include reduction iD visual perception, manual 

dexterity, learning, driving performance, and attimion level. Of. most concem, however, are . . . 

adverse effeCts obsetved iD individuals with cluoDic ~disease at COBb levels. of 3 to 6·"~ 
At these levels, such individuals are libly to have· mduced capacity for physical ~Vity 

because they ~ chest pain (angina) socmer. ~mlated cardiac arrhythmias 
' . 

bave also beea obselved in some people with c:bmaic beart disease at COBb levels of 6" 

· and may result in an increased risk of suddea deda from a beart attack Cuboxybemoglobin 

levels (3 to 6 "> of c:oncem for illducdon of c:mliovucalar eft'ects among people with . · 

chrollic beart disease would be ~. on avaace. widl aposurea ctm;na Baht exercise to . . 

co ambient m c:oacentratioDs of 60 to 100 ppm (1 h) or 20 to 45 ppm (8 h). 

The NAAQS set by EPA are infnldcod to keep COBb levels beloW 2.1" ill order to 

protect tbe most sensitive memben·of tbe ceaaai ~ (Le., iDdividuals with chronic 

heart disease) with an adequate maqiD ofllfety. Bkfedy people, p!ep~Dt women (due to 

possible fetal effects), small cbildreD, aDd people with a,.;.· or with diaposecl or 

undiagnosed pulmcmary or c:ardJovucaJar di.tease am allo Bbly to be at Dlcrea.sed lisk for 

CO effects. However, the Pn:sellt NAAQS far COil COIIIidelal to be adequately protective 

of tbeSe effects. 

2.2 Methyl.TertJarj B11tyl Ether' 

2.2.1 Odor Tbnsbolds aad Dmaal nrecta 

A1tboqh tbe 1110a1 ocb of imm may .klld aaa to dliak _tbat veq hip COIICCIIIDtioDs 
of it are in tbe air, tbia is JIOt.Dec-i•dly J:ftle. Receat eMJeii!WifpJ lb:ldies ofM.TBB odor 

thresbolds i!"'icate that tbis (801»"" CID be ~ (U a clistfwt bat qnjdentjfied odor) at . 

CODCei!Uatioas llUIIDd 0.18 fDI/m3 ud nmpized (id&"ified) aiMia axowd· 

0.32 to 0.47 mafm3
• depertflna on ita padtJ (Ca*, 1993). By CC!idwalt, tbe detecdollad 

. . 
mcopitioD tblesbolds for varioru bleada ~ paoJille wen a IIIIlCh u 10-fold hiper tban 

. . 
those for MTBB aloae: 0.32 to 2.09 mafm3 far clmaioD; 2. Tl to 4.03 mr,Jm3 for 

Lrbz.ou&baat tbil report, CCliiCIIll:rali aaita • pa 1 1 nled a -aJra'. Willa DIIC rt, a wuvenicm wu llllde aD 
tbe bail dill 1 ppm MTBB 1!1 3.6 fiJI/m3 MTBE. · . 



recognition. When MTBE and gasoline were mixed together (iS II MTBE, SSII gasotine), 

the threshold concentrations of the. mixtures gene_rally lay between those for MTBE and tbe 

gasoline blends alone: 0.32 to 0.94 mglm3 for detection; 0.68 -to 2.48 mglm3 for 

recognition. These values represent rups for sit' subjects of vuyiq seuitivity ~ odors, . . 

·such as woulci be· pm· ~ tbe general population. However, other iDdi'Viduals may be either 

considerably more or Jess sensitive.· Also, the puticuJar blead of psoliDe may make some 

difference in its detectability either with or witbout MTBE. 

Direct exposure of tbe skin, eyes, Uld otber dulles to MTBB cau~ ini~on simUar to . 
. . 

that of conveational psoliDe (SNAMPR.OGB'm S.p. A., 1980). ProloDpd or frequent 

COD1aet with either CQDVeDdonal psoliDe or MTBB OXJfuel may result ill dryina, chappina~ 

or cnckin1 of the skin. If either type of fuels come ildo. coatact with die eyes, eye irritation 

may ft:SUlt. Beca11se each of these elfectl ~UJ Jinbcf with skiD CApOSUre to M"l'BE

bleaded. gasOline is also linked to elq)C'ISIItO to COilYelllioDal P.,u., aOm1aJ. pJeCaUtioas 

should apply wbell hmfljnaany type of JUOlille, tepldleu of type or OXJFA coateDt. 

2.2.2 Shol't-Term EQo1are Etreca . 

~·,_ Slrt4la 

Al&dD Slrulla. Sbortly ~ MTBB oxyfcd wu ium:JcJixed ill A1asta Oil 

NOvember 1, ~992, die Alasb. DiviaioD of Public BrwJth'a Seclbt of EpidtndoJoay bepli to 

mceive JIIJDiaOUS ~ from iadmdUaJs iD AIICi.nae ad Pibbab rcporliDa. rec:eat cmset 

of mne:ss that they l.f"'Ciatecl widl. die ~ of K1BB oxyfuel ia tbeir communities. 
. . . 

By tbe fourth week of November, over 150 with CX'AIIphi••• hid beea mceived on a . 
. . . 

pubUci7ed cidtm~ botU. Tbe pm cnri~~aa of.dlele. Jlotli..,. ma, baYe added Ill~ . 

· confOUDder to ~ epklemio10Jical ilmll1p.._ Ia .AIIeb Malt illdmduala 

tepotted ~ iJwptowl •. s..- coMuded bJ the OWen ~ Diaeue Colltlolllld . 

Pteveatioa (CDC) ad _die Stile of AJasb wen inid""C' illl'elpOGie ~ tbele cOmpWnta. 
In November ad December of 1992, wbile KIBB oxyfcd wu lliD. ··uae, the CDC ad die. 

State of Alub liDdertook a field epideadoJou IlDdy iD Plilbaab (BeD« ad MJcSclmll\ 
1992); tbe s,_, of Alaska coaduded a shniJar IlDdy ill Ardalp (CJwndler ad MidchnP,· 

1992). 1bere were Umifa~ to tbe exteDt of die balth quadoaDUie ad the ngmher of 

people interviewed. All the pso~ in tbeso cides contained e1aYaaed .MTBB. No pou:p 
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could be identified that IWl no exposure to MTBE oxyfuel, preventing controlling for 
•. 

exposure. 

- Initially, the CDC contacted 34 people who bad earlier complained of health symptoms. 

to the Faiibanks hotllne, which bad been set up for MTBE oxyfuels comments. n.~y used 
. .,;.. 

information from these people to establish a •case• definition. A case was defined as a 

person who reported, for ei~ the first time, or with inaeased frequepcy since October 14, 

1992, Symptoms of headaches or tw() of the following symptoms: cough, aose or throat · 

bnnrina, eye irritation, nausea or vommua, dizziness, or sensation of spaciness or 
~ . 

disolicDtation. 1be cue defiDidon excluded .iDdividuals wbo reported symptoms, such ·as 

fever, dimbea, or muscle aches, Hbly due to iDfectious anses. 'I'he cDc tbell . . 

administeJed a symptom quesdcwulire by ~ to a systematic sample of 41 residents 

and foaad tbal41" of the particlpants·were c:uea (Le., reported the presence Of the case 
iymntoiDS). 

- · UsiJJa questionDaires simDar to those described ·above, tbe Alaska ~ of_ Health 

aDd Social Servicel· aDd tbe CDC conduded iDterviewl dnrinc late November tbroqh eirly .... 

December of tluee poapa of. people in P~.ilbulkl ~rmecl to ~ derecllevels of exposum: 

(1) taxi driven, (2) health. care wodcerl wbo tJpically COIDIIlUte, ~ (3) UDiversity students 

wbo speat less time amand wbk:1el (BeDer aDd Mjctdaup, 1992). A aim;Jir study in 

.Auchonp iDcluded duee Jl'OUPI (tal clriwa, lnJth ceater eq~Joyeea. urd bospbal . 
. . . 

employees) (CbandW aDd Mi"daup, .1992). ADalyais of tbe_ Pahtub dita m Table 1 

sbowed tbat dime. wu a ltltiedraDy aiauifirut ctifrereace bdweea tbo !"'mher of c:uea 

. IIDODI tbe tUi ddvea ad .lalda cue •• CDiilpuecl to IIDdeala. 1'lle ft#cjcal aualysis 

of tbe Alldloap data wu DOt repOitecl, bat it wu lllled tbat tbo tal ddvea. bid· a ~&her 
. • # -

p1opoitioll of complaillla. Ill bodl ddaa, "eedacbea were dte IDOIC ~ symptom. . . 

---~:; ' xePortect. ~ h. ""!lctw:t. 1rere pllia~y mild IDd :of'Amt duD&i& (leu tlrin 1 h or between 
. . . . . . 

1 aDd 24 h). Otbet c:ommm i)wptoall were e,e aDd tbmlt hai••Mn Uld cmp Milly . . 
. people uiOCiated tbeir i)wpUalwidl ti*P*lO ill a wllide or while mfaeliDa. Molt of tbe 

. . . . 
people_ iDtaviewed ctid DOt Judie tbeir i)iiipCDIDI1D be SCMD enonp tD c:onsult a~ 

In Pailbulb, .dime wu DOt a sipifiatnt iDaease iD bolp~ emeqeacy mom· visits for 
. . 

~dacbe, implyina that the complaiDts were not sevem aDd wens not msnltina iD widespread 

serious molbidity. 
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TABLE 1. PERCENTAGE OF CASES IN FAIRBANKS AND ANCHORAGE 

Interviewees Failbaaks Anchorqe . 

Taxi drivers 33~ (4 of 12) 46" (12 of 2S) 

Health care workers 29 ~ (26 of 90) 

Students 15 ~ (13'0f 101) 

Health center workers 

Hospital workers .. 

. ' 

2S" (1 of 29) 

27" (29 of 1~) 

Source: Bella' ad Midd•np (1992); c::baadlel' IDd M1dd•ap (1992). 

Gordian et aL (1993) fOU;Jld DO sipificaDt differeace iD balth iDsuDace claims 
. . . 

. (outpatieut treatment for diaposes of Upper or lower lapiDtory tl'ld disease,· headache,· or · 
. . 

~) in Anchonp aver tbe last three winters or iD ADcholqe c:ompued to other Alaska 

cities for tbe 1992-93 MTBB season, sugesting that sedou balth. effects weie DOt 

oc:curriq. A study such U this bas mllly Jimitatioas, such U tJ:Ie potential for 

misclassificati of~ By its llllllle, it does DOt addma die iuae of wbetber MTBE 

is IS.!Ociated ~ symptoms _llld, dlaefore, cannot be used to c:baw a ·DepdYO coaclusion 

about such an usodadoa. 
I 

lllvestipton. with die_ Nadollal Ceater ~ BlnhmmtA••aJ BeaJtb oldie CDC, in 
. . . 

collaboradoD with tbe State of Al11h, .die National Iastitme. for Occ:iupa*-1 ~ aad· 

Health. (NIOSB), IDd BPA CG4Jcred a two-phue IlDdy ill Pahbaab iiMidp1iDa the 

pc)telllial m1atioasbip betwem MTBB OXJfuel eapaewe llld IJ"'l*'!DatiC ..,...;. (C'alters 

for·Diaeuo ec.dro1 ad PmveadoD, 1~. 1'llcJ allo ilnftldpted tbe.JIIIatioMMp between 

MTBB oxyfue1 eapoeun ad blood _.. of MTBB ad a lllljor mell.,.:. ol it, leltiat)' 
. . . 

. 'flY~ akobol ~· Pbuel wu C:oodacted in ~_fint_2· _..ill Decwplw 1992, while· 
. . -· . . . . . . .,. ... . ·~ 

. MTBB wu ill_lbe paolble lapply; PIIUe D wu caadaclecl ill add-Pebnaty .1992, 6 weeks · 

after MTBB oxyfae1i bad· beeD removec1. DuliDg Pbue D, M'1'BB wu.Pft*Wit ill 10111e 
.. 

·repllr tml,.ded (It 1 S) llld pmniam (ItS 1D 6S) p.,ljpe U ID od"W ••••~ Bleil 

pbue of die ~ illvolved a i)llemlfic telepboae. Me), ad ·ilmldp•...,.,. oli)iuproal 

respoascs aDd blood ll:veJa of MTBB aad TBA in ocwpa ..... UJ ad IIOIIOCCI1patlo (Le~, 

commuters) exposed individuals. 
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· In the telephone surveys, participant telephone numbers were selected in a systematic 

· fashion from the Fa.Ubaaks telephone directoey •.. 1be .time of day of the telepboae survey was 
. . 

not reponed (i.e., the temporal relationship between exposures aDd questioning was not 

reported). FC?r the occupational survey, workers ~ by convenience included those who 

spen~ most of their·work day in. vehicleS (e.g., meter and telepboae technicians) or at service 

stations and automobile dealerships. Participants were· asbd about a list of 1~ health 

complaints, including the seven key complaiDts of e.adache, eye il:ritation, buming of 

nose/throat, couJh, aausea, djzrineas, ad spaciDeis. Specifically, ~ were asked if they 

bad experieDced these symptOms for tbe fiat. time, or with iDcreased frequeDcy, tbning the 

period from October 1, 1992 (PIWe I survey coadncted December 3 to S) or duriDg the 

period from 1anuary.1, 1993 (PhaseD survey c:oaduded February 10 to 20). Puddpants 

were requested to 1eport oaly complaiDtl tbat tbey could DOt attribute to a cold or flU •. 

Table 2 ·shows a clear differeace· in symptom repOmq ates betweea each of dJe two study • 

p~. The preseace of any preemdag medical~ was aot ~rted. 

TABLE 2. PERCENTAGE· OF PEOPLE IN FAIRBANKS llEPOB.TING SYMPTOMS 

T ...... .._, Oo..-"'• Glaapl 

·"-~ a-i' ..... I ,._D 
Symptom . <•- 41) (a- 100) (a~ 11) (a- 21) 

Hwrbe 34S (14) lOS (10) 72S (13) 4S (1) 

Eyeiai~ · 37S (15) liS (11) 
"" (1%) 

. ·1S (2) 

Bunaiq of IIGIOI~ 29S (12) 12S (1%) !OS (9) . OS (0) .. 

eaap ns .(9) •• (I) 21~ (5) (!~ (0) 

N- 15S .(6) 2S (2) 33S (6) 4S (1) 

DiniMM 15S (6) 4S (4) 44S (I) OS: (0) 

S,.:iMM 12S (5) 's (6) 33S (6) OS (0) .. -

. 
In the occupatiooa1 exposure invesdp1ioas, 18 people ill Pbase I (early December) and 

28 people in Pbase U (early-mid Pebmary), 12 of wbom pu1icipated ill Phase· I, were 

recnrlted, including driven, mechanica, and service Slldoll aaeudants. Blch subject 

10 



answered a questioanaire mquhing about the presence (in the pxevious 6 weeks) of .... 
lS symptoms, including the seven ~.symptoms. Bach subject bad a blood. sample drawn at 
the beginning and at the ead of their work shift for detemWiatioDs of MTBE and TBA 
coDCeDtrations. Each subject was also asked 4ix>W the preseace of.any symPtoms on the day . . 

. of their blood. draw. Air conceutrations of MTBB wem also determined at tbe ~lace. 
Results for tile occupatioaal exposmes shoWed tbat dmiDg Phue I, the median preshift 

. . . blood conc:entDtion of M.'I'BE was 1.15 I'J/L (13Jl10 0.1 to 27.81'JIL), dsiq to a postshift 
median of 1.80 I'JIL (IIDP 0.2 to 37.0 I'J/L); whereas durina Pbue II, the mectian preshift 
blood.~ wu 0.21 p.&fL com.,.m Witb 0.25 p,lfL pomlrift. It is DOt clear why 
the preshift levels. of MTBB ill Pblle I are u hiP u tbey are. A la!pr pdjeat iD .pre- to • • 

0 • 
• 

PQstsbift levels would bave beeD. e~. 1'be diffaeuces iD blood M'1'BB ~ 
between PIJUe laud D were mdsdcaDy sipifbc. Jtoetshift bJoocl. TBA COD:elllhattous iD 
the 28 worbn from Pbue D (nWfian • 4.2 ~aJL, ~ ·0.9 to 20.3 I'JIL) ~ statisdcany • 
sipjficantly lower tbaD tbe postshift blood TBA coaceatndoa ill t.be ·18 wolbn from 
Phase I (mecfi•n • 5.55 l'r/L. .aqe 1.6 to ·76.5 l&lfL) (Bizet, 1993). Postsbift bloocl TBA 
coaceatratioDs iD tho 12 sabjeca ~bo patti:ipatecl iD bodl PbuO lad Pbue D dmJ+tod from 
a median of 5.6 p.J!L (tap 1.6 to 72.2p,lfL) in- Pllue I to 3.9 l'lfL (IIUIP 0.9 to 
13.4p.&IL) ill Phaie .IL _'llie Jaaer declirw wu DOt llltisdclllJ wi&•"fb• (Bze1, 1993). 1be 
ieWively small decUne ill DA tielwem.PIIue lad Pbue D canmt be euilJ aplainrd. 

1bero wu a stedsricwUJ sipi&:anr c:omJatbl bctweea ~ air 
·- 0 

• 

~easuremeata of M"1'BB dmina.Pbue I ~ lllbjecll' ~ coaceniJ••Icw. ~ ~:also ~ 
complex iDvene mJeticwWdp '*"-' b1ood nlA llld expaiUI'O clnDdm dlat wu ~to 
expWn 1'llae wu a ,_. pmY11eDce ~ coatphinii.'IJIODI die oceupedm-Dy ecp-.d 

. . - . 
iDdividuals dnrina Pbue I CGiiijJ8led rill Pbue D (1'lbJe 2). AJthcigp ~ faar iDdlvidalls 
iD tho hipec qaatiJ8 of pmhift blood HmB appear --uw, to nport . . -oae of the bJ 1)11~ oa die day blood wu dmna 1bia die .'4 people iD die lower .. 
quudlea, · dda dltfereace wu DOt ,.,"'ciiD.y .qniftrant, . . . 

NODOCbiJ4dmn,l eq"Gtlll'el to MDB Olt)fuela wae iav_,pted Ia bolla Pllue I aad · . . . . 
Pbue D usiDc oomnmtera iD Paimub. Sewa people~ iD Pllue L Sb:·of these 
sevm puticipated iD Pbaae D along wUh ooe lfildidoDal puddpaDt. Each penon had a blood 
sample taken for MTBB aalyaia before ·leaviD& for wOJk IUid upoa miva1 at wOJk. 1be 
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median blood M"IBE co~ns durina Phase I ~ere 0 .. 18 pafL (range O.OS to 0.3 pafL) 
prior to leavina for wort and 0.83 pafL (DDae 0.09 to 3.0 l'afL) after anivinJ at work; this 

increase was statistically siJDificant. Durina PhaseD, these values were statistically 

sianificantly lower, o )9 and 0.10 pafL, respectively. 
. : .-. 

1be results of tbe Failbanks studies need to be intelpreted with caution. 1bere may . 
have been bias· in tbe report:iDJ of ~ms due to extensive aeptive publicity about 

• 

MmE. Furtherinme, the small sample size inay bave Dot Jiven· the study adequate power to · 

~ relationships oven if tbey existed. People questioDed in Phase I bad a ~ber symptom 
rate than those in Pbase U. However, JiveD tbe Jimitatiou descdbecl above, cansaJ · 

. . 
relationships between MTBB aDd ·symptoms caDDOt be cfetermined. 1be study did · 

demo~ that MTBB aDd TBA are detectable in tbe blood of eApOied iDdividuals, even it . . 
relatively low exposure CODCelltlldoas. 

Because ADcbolap was lbldied oaly while MTBB oxytUel was in use, it is DOt possible . 

to detenniDe whether tbele was a reladoasbip between MTBB aDd symptoms there. 

Stilmftml, ~ all Allmq, Nftll Yoli SIJMIIa. Because of the hiP dep'ee of 

pub~ty ~·ted with MTBB oxyfUeJs iD Al•ski, it ,u ~le to~ a aimUar 

study in (1) aD uea usm, MTBB ox~fbels, but ill wbich dime was DO. ev;ideDce of widespread 

cousmer compJaima (Stainfbrcl) (Centra far. Disease Coalmlllld Pnm:adoD, 1993b), aDd 
{2) in an· area witboat 'MDB oxyfUeJs for ccnputsoa·parpo&ca (Alhay) (Cemen for 

Disease Commlllld. Ple¥elllba, 1993c). 

Fmm Apii15 to 16, 1993, die CDC iD eoopenrm wida the State of Coa~ Health 
~. CODduc:red a. illveltiptim ~ S1aiafom. .. The IlDdy iD Stllllbd dift'aed fmm . 

the study in PaidJIDb iD tblt d8e wu 110 ~ IIIIVeJ· AJthoqib atteiupced, it-wu 
~ . 

. dl!ficult to olQijl QlOpea .. "tiam IUbjecll mftca .• bJ telfphone. Ooaleqaeady 221' adult' 

subjects were ieCi._ bJ COil'WIIieace for die IIDdJ. 11le -~ proceu wu DOt nftdom. 
Tile lllbjectl wen cate&O•~ by job 11 •car npir or ptoHne ~~~e~•, •pmfeaiOftll ciJ:iver8, . . ' . . . . 
•c:Jtller", or •mmcnul_.. · ~ •CJ~be:r" C11eCWJ caaatiliilod woden wbo speat most of ~ 
time U'OUDd traffic or ~ vebicJea, IIICh u meter !elden. •eommu~· · ~ DOt bave 

occupations associated with exposures to eitber psoliDe vapon or combutioll emiuioas. 

Bach participant wu administeMcl a quesdmmaire, simiJar to .the FailbaDb quesdolmaire · 
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consisting of IS health questialis including the seVen key symptoms. ·The perlOd of time 

covered by the questioDDaire was approximately 1 mo prior to administration. Of the 

221 subjects, 44 ~ samples of bloOd taken for MTBB determinadons. ThiJty of these 

44 worked around automobiles and had blood cl')..WD at or near the end of a work day. tbe . . . 
remaining 14 subjeets were commuters and had tbeir blood drawn upon arriving at work in .. I . . 
the momiq. SubjectS wae also asked if they experieDced an unusual odor while pumping 

gaSoline. 
Because most of tbe puticipaDts ·wbo wae DOt COIIUII1IterS wae male, msults reported 

· · here am for male pudcipaDts (Table 3). AmoDc males, tbe prevaJaice of any cme of the 

~by symptoms llld tbe pnMieDce of tWO .OJ' JllOie of IDJ of tbe by symptoms was 
hiahest ill tbe •otber" ~ (67 llld 50S, ~y). However, her,anse· of tbe few · 

subject~ ill tbe •otbefW ClfeiOIY, tbia ~ nntina may DOt be meaningful Beadacbe and 

couaia ill the ·other"· c:ateaor7 wen die iD.ost COIIIIDODly 1ep0rted symptoms. 1be hiahest 

blood coaceatradoas of M'mB were usociated widl people wbo hid tbe patesc exposure to 

vehicular ftunea aDd •han• GuoliDe .rvice llltion •UMdants bid median blood MTBB 

levels of 15.19 l4fL aDd """"n 1'BA. IIMia of > 75 l4fL Mf!dian bJaod MTBB levels ill 

bOth tbe •car &epiV aDd •mm•nncer• job cale&Oda ·~ 1.73 l'cfL ~ 0.121'J(L, 

respecdvely; TBA medi•• were is .. 17fC(L ~ 2.06I'JIL, ~7· Good moc:iadons 

· wae foalld betweeu. blood MTBB Ieveii ud p«n•l' bmrhina :a. IDelsuremmtl of . . 

MTBB, ud betweeu. blood TBA aD4 bnlrhlaa·.-· of MTBB. 1be CDC 
1epo~ thai tbe 11 iDdiYiduala Willa die Mpe• (upper qaadile, it2.41'1fL) bloOci:M'l'BB 

levels wen smi"'raUJ wptfi'cindy moaliblJ 10 iepcilt aae or 11101e bJ i)idpU11DI tban 

tbe ott. 33 people lllldled Akhoup people lridllriper blaoclTBA 1eYell (> 17 ICfL) · 
appeuid lllCD Ubly to nport ciae or more by i)qtCOmi, dda UIOC'''im W.. DOt 

,, • .... ... I • -~ I~ .: .·.t . ' 

stJtiddy aipihnt (While, 1993). .Pa.ttbe:r CD*"t•ri ... were mlde of die lllbjcMI baviDa 

with tbe hi.,_ blood MTBB leYela WCD maniRoiJI•diJ 11HD Jibly to npw.t i)"ijMOIDI tban 

tbe mn•inina 22 wOJba~ 11len wu 110 appmeat relati.whip betwem i)11aptoai ~ 
. . . . . . 

by oc:cupetioDal cate&01Y llid die !MCIJan b1oocl K1'BB ~ 1BA. CDIICCI•'mtiou aaOciltect with 

each c:ateaOrJ. However, the sman numbeD of subjeCts cadied.,· tbe wide DDp of blood 

MTBB aDd TBA levels within each cateamJ, aDd die wide vari•hllity of &espoase prevents a . . 
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.. 
TABLE 3. PERCENTAGE OF MALES IN STAMFORD REPORTING SYMFI'OMS 

. Car Repair or Gu 

·~· Commuter Prof~oaal Driver . Statioa Atteadult 
Symptom (D • 59) 

. 
(D • 57) (D • 48) (D • .12) 

H•d•cbe 2.~S (15) 26S (15) · 27S (13) •2s <S> ..... 
Eye irritation 19S (11) 7S <•> 21 s (10) 17S (2) 

Bummaof 7S <•> OS (0) ISS (7) 33S <•> 
DOieltbrol&. 

Coqb ISS (9) ss (3) ISS (7) •2s (S) 

N&UIIa OS (0) OS (0) 2S (1) .. as (1) 
DiniDMI 2S (1) ss (3) 6S (3) 11s a> .. 
Speciaea . 3S (2) 2S (1) lOS (S) . .as U> 
Oae .or 111:mt •2s (25) 3SS (20) 52S (25) 67S (I) 

Two or min t•s (I) 7S (4) 23S (11) sos (6) 

Avlorbn wbD lplllla hiP pm-bp of.liJDI aaaDil 'ft!bicnl•r tnllic (e.J., IIIIC8r relden). 
. . . . . ' 

defiDitive CODdnsiOD. LutJ.y, subjecu wbo !epOrted m mmsaal odor usociated with 

pumping pso6De or .usma a motor vehicle wae more likely. to report cme or more key 

s,mptoms. 

IIM:stipdOil m Albany OC'.CUDeCl over die week of May 3, 1993,· IDd involved 264 adult· 
subjecu tecndted by coaven~ ia a DOIIIUdoaa fa"'bL .Subjecu wae divided into three 

groups: Group 1 c:oasisted of auto medllnic:s .IDd pa SlldoD attendants,. siim1ar to the •car 

Rplir or psolille. IIJes• ·cateiorJ ill Scamfotd.. omaP 2 coillislecl of poticemea, 'putdDc 
. . . . 

prap woma,, ton boodl wOibn, -.:.., llld could he cxmaklered tD be simiJar tD a 

combiDadoll of the •pmt•••l cmver-· ad •adler" ~ ia Scamfotd.. Gmup 3~ 

. coaiisted of .,..,.,. IDd aflice wo4eta, aimiJar to die •commcner· cateaorJ ill Stamfcml.· 

~ ill Stamfold, IIIOidy IDIIl puticipitecl; dllll, oaJy amlra for malel will be 1epOlted. The 
•. . 

15-qu.:.sdon i)i¥PJ4 ~ wu ~ io eiCh c.•t,ject. A •bert of 

38 voJnnteen bad blood ilmplel ~..., u ia ~ 
0 

20 wo4Ed llOUIId ~ldcmObilel, IDd 

tbe ·mnammg ~~ wae MID"mlial. Auro mecJpnjc:s ad pa lf!dt:)n ,.,.,. .. llld mrwfiaa 

blood MTBB Jevels of·0.42 "giL (tup 0.09 to 1.50 l'a/L); ~ m Gmap 2 with some 
. 

oo:;:uprinaal exposure bad'& median level ~0.08 I'JIL (rup DODdef.ec::bhle to 0.15 "giL); 

Group 3 people (e.g~. students, office workers) ~ Jess psoliDe exposure did DOt ba~e 
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detectable levels of MTBE in ~·their blood. These levels are substantially below those 
measured in Stamford. 

When men only were considered (Table 4), there was no difference amon •. the·three· 
gro:.~ps with respecc , repo~g on any key sy~m, or on two or more key symptoms. 
1be prevalence o~ any one· key sym~m was ~een 42 to 49 "· 1be prevalence_ of two or 
.more key symptoms was between 9 to 185. lf.tbe •other• category from Stamford is not 

~ . . . 

considered, these d&ta are very similar to t:1e Stamford results. The similarity of responses 
across job cateaories sugestS tbat tbe symptom lepO!tS may DOt be due to psoliDe exposure. 
AD impcmmt. finctinc in Albany wu. tbat subjects wbo repo11ed cold, tlu, Oi aUeqies in tbe 

prior mODih were more Ubly to report the preseace of lilY by symptom, even tbou~ ~ 
were insuucted DOt to do so. It is UDc:ertam' whether a simflar pattern wu present in the 
other studies. It should also be aotecl tbat b)' tbe time tbe IlDdy was institUted iD Albmy, 
alkqy season bad bepD and could bave played a 10le in tbe ~ of symptoms and 

miPt ICCOUilt to~ f11:e te~ative~y. biah ~ reporta. ·FmaDy, u.y compuisoos ot Clara . 
. &mODI cliffeteat cida must be appl'CMCbecl widl pat c:&mbL. MetbocloJoP:al diff,..<leaces 
aDd otber COIIfOUDden, paidcuJady tbe mubd clift'eteuc:ea ia ambieat tempemtures betWeen 
sprlnpime ~ Stamfcml aad Albany, aDd wiDter ia PaiztUb, could acccM1nt for cti1feleiJi 

observalioas. ' 

TABLE 4. PERCENTAGE 01' MALl'S IN ALBANY JlEPORTING SYMPTOMS 
......,..;,., O..SIIIka A1 w •• . o;::a . ..,.._.,, Ofllae 

(ll • 33) (a • 39) WOJbn (ll • 13) 
21S (7) · 36S (14) 20S (1?) 
liS (6) 21 S (I) 16S ~13) 
6S (2) 3S (1) - us (9) 

ISS (5) . ISS (6) 26S (22) 
6S. (2) .os (U) 4S (3) 
3S (1) lOS (4) SS (4) 
OS (0) 3S (1)' 6S (S) 
cs (14) . 4K (lf) •• (40) 
9S (3) liS ('7) liS (15) 

Saarce: c.&en for Di.teue Comrolaa&l Pnwlldaa. (1993c). 
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N1w J1n1y Stru&s. !Dvestigators at the Envirolimental aad-OccupatioDal Health 
Sciences Institute (EOHSI) conducted two epidemiological studies in the State of·New Je~y. 

· In the rmt study, they (Mohr efal., 1993; t4ohr, 1993; and Weisel, 199Ja,b) inve~tigated . . . 

. the 'symptomatic responses _of 237 garage workeg from the New Jersey Departmc!bts of 

Transportation and Treasuey. Workers were given twoquestioaDaires: one questioimaire . . 

elicited respo~ to questions about the presence of ·~· and •non-MTBE• symp~ms 
over the previous 30 days. Questioamaire synptoms for .MTBE included heiadache, nausea, 
daytime sleepiness while driving, daytime s1eepiDess at other times, cough, light headedness, 

and eye irritation. Non-M'I'BE s~ms ~estipted iJicluded diairhea, fever, sweats or 
chills, and muscle aches. The second queSdoDDiile was ldmjnistered pre- and postsbift and 

. . 
also asbd about the preseace of MTBE and 11011-~ sympUaS at those timea. Bodl 
~ COVC!ed the same·~ coasidered by CDC. RespolldeDts were classified· .. 
acconting to wbdlier they wmbd in DOrtherli N~ ·Jeriey, w~ at tbe time. of tbe study 

. . 

was· still using MTBB oxyfuels, or soutbem Nevi Jeney, which wu DOt using MTBB . . . 

oxyfuels~ Air samples taken in tbe Pra&ei showed tbat MTBB wu preseat in the aorthein 
. . . 

garages; a few of the garages in tbe south bad MTBB, but die levels were ovenlllower than 
. . 

those in tbe nonh. Persoaal air a:posmes ·w~ measurecl in a IUblet of wmkers. . . . . 

The BOBSI is in tbe process of lllllyziq llld mJnadna tbe penoua1 sampler dam so 
only preliminary information is avaDable aDd a -quamiative fNiluadoll is DOt possible 

. . ' -

(Weisel, 1993a,b). For example, while. relative MTBB JeVe1s can be quanritatively· 
~ . . . 

detenniftect, absolute coJnntqtiolis cannot ·UJd die aiudy il ~Jeced. 111111, · · 
CODCelltDdoDi ·listed below 11e appmximadou, adler than pmCUe values. Calepically, . 
approximate CODCeDtl'ltioDa 11e u foDowa: very mp (>22 rqlm.'}, JDih (6 to 22 mrJm'}, · 
mectmm (3 to 6 .mal•'>, Jow (1 to 3 mafm'l·, aotdeteceable.(<t mil•'>·- Simpler- . 

: ~ . I ,, • : I • .. • ; ~ • • 

measdleaieata were tlbD ~a ~y pedocl (8-h ~weipled-l.wDp fOr each dly), for. 
DiDe :iites. iD die DOlth aDd four sites in tbe Dub. ODe iDdmdDa1 Wll measurecl per aile It 

six mea, two people·per site were measureclat two silel, llld.dlree people pe;r aile were 
' . 

. . measurecl at ODe site. 

In the north, an locadoDs _eumirwt bad at 1eut Jd&h 11:ve1s of MTBE ddected for one 
individual. Seven sites were catecodzed u high or very bich on aD: days tested. 1bere were 
two iDdividuals who bad low or medium Jevcls. 'Ibere were IDOther two people who bad 
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undetectable concentrations of MTBE on one day, but bigb levels on the other two teat days. . . 
In the south, there aie measurements for four people (one at each of four siteS). ~le at 
two of these sites J· ad bigb levels on two of the test ~s. ODe site bad low levels on one 
day ind undetecta.Jle level! OD the other twO dayt; the fourth site bad.undetectable levels OD 

all three days. · In summ~, ~ appeared to be some de~ ~f •mi:dna• between north 
and south, based on the occuio~ presence of high levels of~ at a few of the southern .. 

. sites. Nevertheless, flom a pneraliDd quaUt;ative perspective, measured exposues in the . . 
~ were bigber tban in tbe south. Northem Jevels wae typically hiP (appmrimateJy. 6 to 
22 mg!m'}, whercias the south typically had low (appzoximately 1 to 3 mafm') or . 
uadetec.Uble levels (approximately < 1/ mafm').. Such Uftrited data for over a :Hiay period . . . 

CIDDOt be quantitatively exuapolated to tbe_ wbole of tbe queslimmaile peDod (30 days) or. to 
aD puticipallts. However, qaisl on a qua1iSative buia, it is ftUODible to assume tbat 
paerally tbe poup in tbe umth bad a subitaDtiaily biper expoaum lO M:rBB oxyfoels than • 
tbe poap iD the south. 

When all ~ were c:ompuecl, them wu DO sipificaDt dHr~ illsywpruull· . 
between northem'New JenlfJ1 (n • 115).1Dd IOittbem New 1eaey (n • 122) JIOUPI.m.either· 
tbe 3~y questionDaire or in the pro-/ pOstsbift quadon""ire. Power·cakuJatims 
pelfODDed_by BOBSI With tbair. Cl'OIS-IeiCtioD data _..OW dllt, ua•minc a blcla•ou:ad 
beldacbo preva1m:e of lOS, tbeir IlDdy. had ·70s power (at the O.OS l8vel of sipfficarD) to 
delect a he8ctacbe ~.of 20., 92S pOwer to detect a 25S pnmleace, ..S 99S 
power to decect a. 30S p1WIJeDCe. 1be iDveltipton .thea JIIII'OWed the lllldied jlOups 
:fuati8ICCO!diDa to: (1) IU"l'I'Jtnts ~bo P""pN pa for .IIIOJ!e diaD 5 bldaJ (ll .- 13 IIOldl; 
15 IOIIIb), (2) aaenctantt who wmbd oa can for mom tblll4 blclaJ (n • ~~ IDd&; · . . . 

_<".; ... 6110Ud11~~) ..,.":,-wbo lpeat more ~~.25 h ~ -~ ~ ~ (n ~ 29 ~ 
. 25 IOUdl), IDd (4) aanwrara wilh the...,._ 1*101111 &J!MWO nw"'ibJI' l8vela ~ ihmf · 

(applWimatelj 6 to 22 rq/m3 bued Oil ti.z. CDUJCUtJw ctaP of.~ pencw1 wmplinl) 
· ap~• a matclled low~•poiuie (appmzimud, 1 to 3 maJra'> poap (ll • 8 ·liip; 8 low). . . 

smtbem New Jersey. A1D0f11 tbe aan•m wbo pmtped peoH• ~ IDOie dllll 5 b(day, 
tbele. was a dift'ereoce in pro-/pmtsldft aymptom mpordDJ betweea IIOrtbem New Jeaey IDd 
southem New Jersey, but this effect wu ~ of time (Le., pre- or posrsbift) • 

. .., 



&tween these two bitter groups, there was a significant- difference in age. But, when these 
groups were age-, sex-, and education-matched, this north/south difference~
When symptoms were compared as a function of pre-/postshift and nonh versus south in all 
of Lhe other group~ ~ere was no north/south e{(e..'"t. · These .mults suuest that MT9E 
oxyfuel exposure in a variety of cohorts of pmge workers did not cause any, difference in 
health complaints. 

In an attempt to ideutiiy a sensitive subpopulation for the effects of MTBE oxyfuel 
exposure, Fiedler et aL (1993) admirristered a symptom· questiomlaire to .13 subjects reporting 
multiple cbemial seasitivity (MCS). PerioDs with MCS usually mport symptoms and 
mnesses in response to low-level exposure to ~ variety of chemicals aDd substuces 
commonly eacountemd ~ tbe eavimmDeDt. To compare tbe responses of the MCS snbjects, · 

. . 
the questioDDaire wu also administered to five a.bj~ with c:hloldc fadpe syudloc:~ (CFS) 
aDd six heJtlthy CODtlOl subjects. Subjects were asked to ·assess symptoms uaociared With • 
sinqtjons in which they could be exposed to MTBB. such u n=fueliDa llld cldving (subjects· 

-were. not asbd whedler tbe fbel tllej hid used contrined MTBB). They were ~ to me 
on a scale fmm •ao discomfort• co' •severe ~· tbe symptoms of beldache, buming 
in nose IDd tbmat, "irzi,.,.., psi:IOiDt.ediiw1 upset, sleepiaeu,. couP, llld spaciness. 'I'hem . . wu a aonsipfficant tencJency for MCS llld CPS lllbjects to itipOit mom symptoMs while 
zefueUDg (bat not while driviDa) wileD COIIIplftd widl the ,.,..thy subjecta. Oa. a tDCal · . . . . . . 

symptoms scom DDP of 0 (DO clilcomfort) to 28 (seVere discomfort), tbe MCS subjects · . . ' . 
scomc1 5.3,. compaeclm 4.8 for 111e CPS mbjects aad 1.2 for t11e beaJtby sabjecti. ·ne data . . . 
sagpst ·tbal MCS IIJbjeca eq~ jtala diacoaifod ia COD,juirdon d reftieliDa. 

. . . However, it ia DOt poaible to dlaw my fbm cxa:Jnskw flam ddllllldy Of MCS subjects . . . - . 
bema• of tbe 1111111 P.mple lizes ad hecm10 it wu ~le 10 distiDpilh betweea 
subjects 111iDa MTBB ~yfuelllld *-·aot 1lliDa I4TBB OXJfbeL 

. . . To. help lddreu tbe U. of a diJect c:a•l RlldoR b«weea M1BB eqiiQISUle ·ad 
symptoms, two studica of tbe seasmy, 1)111PC01Datic, ceiJnlar, ad eye responses of healthy. 
buman subjects exposed to MIBB in air iD a coutrolkd ~ ~mber were conducted. 
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.. 
In the EPA inveStigation, 37 healthy, nonsmoking_ subjects (18 male, 19.fcmalc) 

between 18 and 3S years of age were studied (Gcrnty et al., i993; Gcrrlty, 1993; Rouse, 
1993a). Each subject was exposed for 1 h to both clean air and S mglm3 •pure• MTBE in 
air on different days. The temperature and rclalive humidity in the chamber were maintained . ~ . . . -
at 7S •p and 40• _,respectively. 1bc ~ints ~ for the EPA study were based on · 
the observation tbat the symptomatic reports from Alaska resembled the types of symptoms 
u$0dated with low~Jevel orpnic solveut exposule •. 'Ibe eudpoints for the EPA .MTBB study 
can be divided into four ClteJOdcs. 

. . 

1. ladiclton of symptomatic JeSPOIISO iDchvti"' hewctacbe, DUll irritation, thmat irritation, couP, eye iJ'ritarion, odor quality, llld dfzziMSs · 
(measured before llld· durinl exposure): 

• Two IJmptoul questionnaites (oae ~ IDd oae tbat teplicatecl tbe BOBS! questiomlajre)· 

• CompUtedmcl uaJoa • quality ntiq test 

• Neambebavioral ~ Qllelll eat blaeiJ 
SJDibol-dilit lllbldcudDJl (mcfina perfo.t m•nre) - Swicm'"' .a:embl (aelecdn aaen•iml) . - Y'ood ICIIea . . 

3. IQdicacon of upper linra71 mtlammatioll (measured befOJe, innMCtiariiy after, iDd 115 Ia 1M e•pJ~U~e): · · · · 

• Nulllavlp 
- 'l)pelllld an•ben of ..pthelial IDd jnflmmatory ceDs - ~··'· 

4. Indjratoa ofe,e inf1aminlfina: 
. . 

• J)Nurl,.,c iPdk:ltor of eye mdaelt (meuuad bafta ad 
jmJMdiatety atler e•t-.re) 

• N~ tear film 1m:akup (measured befdm aDd immecfl~ after exposure) . 
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• Impression cytology (before and 18 h after exposure) 
• Types and numbers of epithelial and iDflammatory cells 
- Biochemical mediatOrs of inflainmation · · 

Prior to exposure test.Lag, each subject ·bad-a determiDadon of his/her individual odor 

· threshold for MTBE in water. · In addition, blood concenttatioas of MTBE and its 

metabolite, TBA, were measured in two subjectS. BloOd· samples were tabD at re~ 

intervals during exposure and for 7 h after exposure. These data provide a beuchmart to 

cmppare exposures between tbe preseat study IDd field scudit:s wbme blOod samples were 

drawn. 

Sevatty-six pen:eot of an subjects _coaectly detected the presc:ace of tbe. odor of MTBB 

in water at a CODCeDtradoD of 0.24 ,.uL. Tbese data .eompue reasoaably well with tbc data 
. . . . 

of TRC · Bllviroamemal ColpomdoD ~ a detecdoD threshold of 0.13 pJ.JL. 1bus, it 

can be· assumed tbat the subjects scuclied bad DODDil odor tluesbolds for I41'BIL 

B~ conamtntiou of MTBE rose .apidlJ mmna eaposum but did DOt plateau durlDg 

exposure.. Peak MTBB CODCe'mtbss m die two aubjectslllldied for ptwnnaroJcjnerics were . 

8.2 and 14.1 "&fL, respectively. Att.ea&....U., blood COIIC'e'•••mms fell apidly, with 
. . 

half-lives of 36 IDd 37 miD, xapectively," dedved 1lliDi a modelwidl a Pnale c:omputm.eat 

for elimination. By 7 b pcl\tleaposwe, blood COJn¥d•ariDns llld &11m tD 0.2 iDd 0.61'1fL, 

~y. )Jlood TBA ... I .. _.t!lf' II I 1> 

steady CODCeldDiioli of 1. to 10 HfL up to 7 b pcl\tleipaiW'O. Bvm dnJab die number of 

bJaod Pmpla il too low for pacile esti!III!N· of Of K1'BB ia a popnl•don, . . . . . . . 
the blood MTBB caaceab-doal are cona.._ willa. ia diD CDC ltlldia. 

' . 
. 1"hen WU 110 effect of M'1'BB Oil tbe iepcnliDa of hu'hche ad auaJ. it dladoll . . . 

symptoms 1lliDa eidler die e»+DJ*"edzed quesd.on"'i"D or diD arwqlppa.:b. · "{1.le results 
·! .. ~ IU· ~ •'1: . - .-.~ • . tq . I •. ~~ . • • • 

fiVm ustq die BOBSI~""i"D m die dlnhlltildJ mo Jbond 110 tdjnificac .MTBB 

ef&r~ llld themfom wen cona- widl tbe nsub of diD~ epk'emiokv IlDdy. 1'be 

.ocmobebaYiOrll ... biaa} lbowed 110 ell'ect of ·~mm esp:J~Vre. NaaD af die marbn of ......... """' 
Dllllud e,e ._..,.,.,.., adlowed a lb'istbny apifiramt mlpiHIIO f10IIl MDB ea&+osme 

. . 
compued with "cJeaa air. Methyl tediary_ batyl edJa.- tiil-.a&e aJ10 had 1M) lb'istiCIDJ 

sipificUt dfect 011 eye redness or 011 tear film breakup times. Tbo primary ~~ 

tested in this protocol was tbat ·M'IBB would cause chaDaea m diD tepo.ttiac of symptoms of 

headache, DISil irritation, ail quality, ~· IDd odOr. stleiJith ~ Power 
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calculations performed on the symptom data showed that (at p < 0.05) tbeie was adequate 

power to detect a O.S point change (on a five-point scale) with -.:90~ power for odor level, 
. I 

headache, and nasal irritation. A 0.2S point change ill nasal irritation could have been 

detected with 80~ power .. Thus, the study baclldequare statistical.power to detect M.i'BB- .. 

related chanps in symptoms, if they bad been present. Por the otber. objective eDd:points, 

statistical power calculations are not appropriate. CollSiclerlq the relatively 1aqe number of . . ~ . . 

subjects for such eDd:points ill a CODtrolled study and iDspecdon of tbe peat similarity of . 

meus between tbe MTBE md CODtrol poups and tbeir reJadvely siDall standard deviations . . . 

. (see Gerrity et al., 1993), tbe c:ouclusion of tbe Jack of statistically sipificant effects is 

valid • 

. IDvestipton at Yale Ulliversity (CaiD et al., 1993) nplk:ated tile EPA study (Geaity 

et al., 1993).· A toea!' of 43 subjects (22 males, 21 fem•Jes) betweeD the aps of 18 aad 

34 years puticlpatecL An of the eadpoiDts studied by die BPA ~ wd-e also. · . • 

. SbiCtied by tbe Vale invesdpton, aJdlouah sJiptJy clift'aeat metbods for mea••rinc eye 

rednea, teaT film bleakDp times, uad eye inflamiDifion wem a.l. 'l'be MTBB *q»>UU'e . 

~ wu slfptly biper iD the Yale IlDdy (6 mrJm'}. In adclitioa. to a cJao air Uld 

m M1'BE exposure for 1 b It 75 ep, ·each subject in die Yale IlDdy abo 1iDderweat a 1-h 

eAp)SU1'e to a compm mictam ol\6 wJatile 01pllic CGiip..\il"m. (VOCI) c:ommon)J·fCJUdd ill 

psoliDe (C4, C5, aad C6 Phn-; aad ~ llld C5 oleftnl). Tbia eaposum to a IUD!Opte · 

. also&De ser~ed u a politiYe wataol for dle.M'I'BB eq~ Ia tbe pilot pbase of , 

invesdplioa, the voc mix Wll fQUIId to bave 110 detec.UbJe odor. Coalequeatlj, iaopwpy1 . . . 
1Deft:aptm (tbe odolut ued ia neharal Pa) WU Wded to paMde 1D unpJea•nt odor •. Tbe · 

total VOC. of tbe "'mmphere wu appanbn*ly 7 ppm (abOut 20 mtJJ> . 
• 

Besides die lllcfltim of tbe VOC expoawe ad the aliptty hiP- MTBB ext-=-ue , 
~-ihe ~ Gd.lllljor dim.._~ bft .... BPA alYaJe ltndiel wu tbalat 

Yale, exp)smea of a Jiwa bdYJdall wen Mjpentrd by aa1y ' daJI, u ~ to 1 ~ . . 
ill the EPA studJ (elda peaOil ~ boda llllir lad m KmB ?lposute).. . .... 

When MTBB 6*l"''CUM WU compUecl to cJem air exposure, Caia ct aL (1993).foaad . 

easentiaDy the same ftisabs u tbe BPA IlDdy (i.e., MTBB exposure bid 110 · .,.,.sdcally 

sipjfic:ant effects OD S)'1111Jt01Ds, die neurobehavioral test battery, DUll inflammation., eye 

illf'llmmarion, eye redness, IDd tee fDm blakup times); Results of lfadstical power 

21 
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- calculations on the YL ... symptom data by ORD (Hcx;se, 1993b) ·were similar to diose of the 

· EPA study.. Likewise~ for the objective measures, means _of the. MTBE and control poup1 

were very similar and standard deviations were small. Thus, the design of the study was 

sufficiently robust to have confidence in the negasive outcome. When the VOC exposure was 

CO!llpared with clean air exposure, it was fOUDd tbat the VOC exposure caused an increase in 

inflammatory cells in tbe nasal lavage on the day following exposure (Cain et al., 1993). 

1be timing of this- inc:reue and the amount of increase was consisteat with previous work 
. . 

doae at the EPA laboratoria in which subjects were exposed .to a diffenmt mix of VOCs 

(2S mrJm'> sbnulatiDg an iDdoor ~ ellVUoDmeat (Xorat-et al., 1992). 

PhlrmacokiDetic data were also_ colltJcted ·OD four subjects from the Yale study and 
. ' . 

evaJnatM by ORD (Geaity, 1993). Ak_ ~· ~ subjects had peak blo_od MTBB 

coacentratioDS of 16.6, 14.8, 17.4, and 19.7 I'JIL. WileD adjusted for ex1~ 

~"" the CODCellfDtioDS.Are complllble to those of tbe EPA IlDdy. WileD a single · 
. . . . 

expoDelltial eHmmmftn cane· wu fit to tbe Yale data by ORD, tbe mem .cleataDce balf-time 
. . 

wu so mm <DDP 57.8 to 121.3 a). 1be TBA CODCeDtatioDS at 90 mill postexposme bad 

a mean of 10.3 I'BIL <DDP 7.9 ·to 13.3 l'lfL).-

Tabll to&etber, the EPA aad Yale iiMidpdoDS pmvkle a mn-""Dt pktme. Tbey 

Sbow tbat cwtiODed Jmman Wf:Qidte to HrBB iD au UDder the COJidjfMas IUJdied does DOt 
' . . . 

cause iDcreased symptom~, or ..-mnble ~- (irdtatioa, behaviaraJ. cllulps) iD bealthy .. . . . 

adult subjects.· . ~ . .:';: 1: ..... -· . . .- : .-. 

Bloo4 OIIWIIII'IIIIIIu·of IIGiql 2'Gdrl:r ., .... all 2'Gdrl:r Brlql Alcohol 

In tbe CDC ~HaP:aJ.IIDdielllld_·tbe BPA llld Y~ hnmln c:Hft;:.J.-~. 
MTBB ~ 11lA weae ~ble iD tbe blood of 011*010d people. In die ~loJical h 

studies, other JUO"". 1e11tec1 ""'"J"JIOnd• (e.a •• -bearzt4re, toJnene, xyleae) were a11o OPieiCIIt 
. . . . \ 

in bJoo<!. In S1amfald, people willa hiper blood Ieveli of MTBB bid more With 

symptoa~~; llcnrevw, drfn wu ., lbdstlc:aD.J maniA• UD:ietha betweea hi&frter blood 

Jeve1s of TBA gd IJ"ipUDI, 11Be WU DO I'Jid.dc.ny sipiftrant M'IBB bJoOci level• · 

symptom uwciati~ ill PailbaDb. Althnnp MDB ad TBA wae demclable in tbe blood 

of subjects in the cJirriCfl studiel, 110 iDcreue in syadptoma wu Observed. Such data offer 

furtber CODfiJmation that exposum ocau:red, but tbey are DOt predk:d.ve of effects for two 

22 



main reasons. First,. a relatively Small number of ·people were examined compared \.'"kh the. . . 

numbers needed to obtain quantitative estimates of the re1adonship betweea blood markers . .. ... : . . . 

and effects if such a relationship existed. Second,· the half-life of MTBB .is quite short (Jl()t 

known definitively, but likely to be around 60 miD), preaentina special problems. For . ~ . 

example, shortly after an exposum, if a person bas two blood samples draWil 60 min apart, 
' . . ' 

the second blood sample win bave balf of the MTBB preseat in tbe first sample. Under such 

circumstaDces~ a siJlale-poiDt measme of blood MTBB cannot accmately portray total work-
. . . 

shift· exposure, ud, eveo if it did portray a later poltioD. of exposure, there are no data to 
. . 

allow a CODDeCtioD betweeu. tbe temporal relttionsbip of exp:tSures aDd eft'ects, usnmina. . 
there were eft'~. The metlboBte of MTBB, TBA, ~ a substandaDy kmaer half-Ufe in the 

. . 
blood. (seveml hours or a few clays), but ~ 1;J1A u a qUaatitltive hionunter w~ also 

be limited by the m•mber of people tested. Deve1opiq mocWI to re1at.e blood levels of a 

compouDd to effects ia aa exceptioaaD.y arduous· task, u emeoeed by the ememely large . 
·. . . 

body of reseudl aeeded for suCh acCepted mOdels tOr lad llld co. 'l1llll, tbe blood level . 

data of MTBB llld TBA co11eded ue useful in coafirmina tbat exposure OCCUDeclllld for 
developiDc hypotbe1e1 for fatwe re-rch, bat tbe blood cilia, per 10, ca1DK1f be ued tO draw 

condnsiON about eft"ecu. 

In useasml bealtb effeda, -~ opdmal pmctip Ia to evaiD* e·paiUID-dolo-~ . . ~ ~ 

rel•donslrips, with ex,.._ beiDa deftnM u the b""'rh'na ._ c:ifA:&e'"'km llld doie beiDI 
defined U. the mass/~ de1ivend ii.am-Uy. ~' ~- lile dOse ia b.o.m. but 
in tbe cue of MTBB, the 111pt lile itlelf Ia I!Jiknowil; the blood cia be. - . . ... :........ . . . . . 

usmned to be a 1111mp1e. llecEue it Ia dale to a tupt aile dllt caueei .ID effect, -
. illtapre«•W.S at tbis level aoJd tbe yarjlbUity impa1ecl by "'~ mJatimslrips aDd . . 
allow c:omp•riMW dllt woald be diflir:alt ~ Ill the lp' lflc cue bf M'IBB llld · 

TBA, u Jet*== Ia ., 4mdeace •-.m, tbat ~ Ia ad ip.ficwnr of dole, u dUcussect 
above. BYell if 6dme n.c.da lbowl oae of the QliiiiPO''""' to be a «p""''•dve blommmr, . . . . 
the mmbe:f of peopJe bavJDa bJaocl ia tbele IIDdiel Ia Jike1y to 

. be too small fOr qaaadative eyaln!fioL Nevcmbelea, a qaaJilltlve oanrpvi!Oft .. bfi~ the 

blood levels of M'I'BB ud 1BA ill 'tbe epldemioJop:al'ud ·Jmman dbricaJ. ltiJdiea Ia of 

intaest. 
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'In m~king compariso~of the blood data, Gerrity (1993) first normalized the Yale 

human clinical data to account for the diffezences in exposure concentrations between the 
EPA and Yale studies {S and 6 mg/m3, respectively)~ Adjusting_ for preexposure basellnes, ·. 
the Yale MTB~ and TBA levels were reduced b~l7.6S. A total of six subjects hall blood 
measurements. 1be 60-min measurements show a median conceutration of 14.0 j;&g/L MTBE 
(range 8.2 to 16.47) and 7.19 p.g/L TBA (range 6.1Q to 9.98). 1be exposures involved 
caused no iDcrease in symptoms. · 

\ . 
When ldUal human clinical MTBB levels are compared to MTBB levels in people 

' . 
. ~ortdna in prqes in Pailbanb and Stamfcml and ps stmoa attendants iD StamfOrd, the 

human clirricaJ levels were above tbe mectian JeveJs for die prap workers and near the. 

rnedin for •ttenda~. In Sllmforcl~ but not in Pai!banb, tbere was a statistically ~t 

associatiml between ~Per M1BB levels .-1 lUper symptom~- Similar 
' . 

c:cfiiP'riniS of blood TBA levels preseuts a sliptly diller=¢ Picauo. . The humin clinical • 

TBA Jevela were ~ tbe DDp of tbe epidemioJoaical subjects, but tbey were below tbe · 

mediaD for Sllmforcl womm .-slfabtly above the rnecfian for Pairbulb pap W~· 
In Stamfcmf, there was 110 sipfiCIJit mocimm betweeD biafa blOod levels of TBA · Uld 

sywpwil. Such compa'?IOIIJ betweea the dbricaiiDd epidemioJopcaJ. ~ lboa1d be 

intapft:ted caudaasly. Coqsiderina tile ngmber of subjects measured, tbem libly is ao · 
major ~ IJDOtli all die Jl'OUPI· Pudbe• n+om, tile bloods were dlaWD from tbe 

. ' CQGCN.,.,.._. of MTBB (widria a compllm miceum) 'illed. m tbe 1-h ct;mc:.l ea&K'IIU:Iel (with 

M'l'BB oaly) • 

... '. . 

Aldlul Sbl.a . ·: ' .·· .• • I 

Ia Dll, wt. inlwW M'111B illblolbed imo tbe .body, !:'GS of it ia elimi•ted ill. 
' 4 ia (Peali•Mi • 11., 1990). 11le .... -JU'e ol M'lBB ia tbe blood of .. wu about 30 miD; 

'. ' 

tbe llllf'-life of DA wu 1.5m 3.5 h, clepeMina oa e•pt"~~Wa ~- ~c:Jt of tbe Dtl. · 

(Padi••"'l et 11., 1990). Labolimry nts e"''<*d for 6 b. "' bip CODCCIIIDdons of MTBB . 
(2,900, 14,400, or 28,800 rqJm') exper;ienred sevcnl types of eft'ccts (IRIS, Intepatcd Risk 

Infomwioa System, 1993&). Activity levels in male mts were ~ at 2,900 .aDd . 
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. . ~ 

14,400 mglm3 and dec~,t 28,800 mg/m3 durlng .the first hour following exposure; 

female rats showed similar but statistic:ally nonsignifiCant effects. At the two highest levels · 

tested, increased lacrimation (tearing) occurred and effects on the nervous system (decreased 

muscle tone, and -.aggered waJkiDa) were ob:-cr'fed. Recovery occurred soon after exposure 
• 

stopped. 1'Jiese stapes indicate tbat sbort-teml exposure to environmentally UDrealistic levels 

of MTBB can cause reversible effects on the aervous sy~. However, the endpoints used: 

in the rOdc:at study would not detect the kind· of symptoms tepOrted by some F~, 

ADc:hon&e, .ud Missoula reskleats. 

Respilatory ilritaDcy wal examined iii mice exposed to ·five conceatratiOas of MTBB 

(300 to 30,000 mJim'l for 1 h (Teppa: et al.~ 1993). A ~ test used to evaluate ~ 
U:ritaacy fmm reflex chaqes iD brwtfrina ale Uld piattem wu used. The sevedty of the 

I • ' ' 

semory irritatiml DDpd fiom •.upt• (at 300 ma~al> to sewn <• 30,000 mrJm~. . 
Pulmoauy Vritadon wu sugesteclat 30,000 maim'- oaly, but c~m-fmm adler endpoblts did • 

not support tbis coateation. 'Ibe ~ m1iJJtinc iD 50S decreue iD flequeDcy of 

Ahbome Cbemkall (Amedcu Society for TesdDa llld )btedals, 1984) u ipplied to tbis 
0 0 • 

intelpol"ed value, 500 f!11/ur· woaJd be CO"Wtemd to be a life 8-h d*l..r.ue (Le., DOt. . . . . 

cmsin1 Rpifirant leiiiOIJ b • icalfoa.) for be11thy Jmmm• willa ID map cle&fte of 

suscep1ibDitJ. 
Mdbyl.~ baiyletber .bas pmdaced cleYelopmeaaa1 eft'ecta in tepiOduCd.ve md 

. cievelcpntaftl toxidty ..... with Dt1 (Neepa-Bndley, 1991). ad mice {TJl ad Ne=per

Bradley, 1989), bat DOt wldl niJhita (TJI, 1989). A t'WO-JE Wlrfon teptOdudialllllldy iD 
• 

. qra foaad ~ ~ c«ecttat ·1,440 rq/m3; at, 1~,800 mafm3
·, rat paps bid redaced bOdy 

- . .. ' . ·- ·-
weqla (at bildl) ad ~ weiPt piDa ""dna P""""' develapmeat .(Neeper-Badley' 

1991). Bzpcl1latea of mice tD 14,400 ad 28,800 mr/m3 iDa~ toxil;tJ imctJ 
• 

0 
0 

l'ftii!Jted iD mdlad pap viabiBtJ' .ad at 28,800 rqJr/' .. cleft pilate (1)1 ad 

N.,..Bndley_, 1989). The ~ldvcac--dfect level ~ABL) flam tbe moa~ . 

Cteve1opmemal toxicity IlDdy wu 3,600 rq/m3• AJtlmp, tbe·man• deve1opmeDtal tom:ity 

study bad aposares onlj dnrina tbe periocl tbat orpns wae fannin& (Days 6 to 15. of 

prepwney), the two-geaemdon Dt 1ep~cdon study illvolved exposnn:s of both ~ 



animaJs prior to mating as well as during pregaancy and lactation. Still, ·both types of 

studies included exposures duting the critical period of orpn development and ·showed . 

adverse effects. Some chemicals can cause adverse developmental effects after very short 

exposures during critical periods of the dev~opi6ent p~. Such an effect may be 

expressed as a malformation or death, or exp~ as an effect on growth (Prenatal or 

postnatal) or functiooal pedonnance. A more extended duration of daily CXP.>sure or 

repeated exposure incideuts might exacerbate that particular expfession of toxicity or might 

cause a&ntiooal or· differem devclopmental. effects. PostDaaal exposures can also produce 
. . 

effects on viability, growth, or perfoJ'II\Ince, but if exposures occurred both pre- llld 
. . . . . 

postnatally .(except with malformatioDs), it is usually DOt possible to diffCRDtiate w~r the· 
. . 
effect was caused. by pte- or postnatal exposures. Such is tbe sitnarion CUi'leatly with· 

MTBE, aDd the po~iJity cannot be mJed out tbat a siDaJe ~ of sufficient magnit11de 

could produce an adverio developmemal.effect in .Jabontory animals, 

In concordance with approaches esaablishecl by the EPA Gni~ines for Deve1opm.eatal 

Toxicity Risk Asses~ (Federal Rejpsler, 1991), CJea (~993) developed. a prelimbluy 
assessment of the deVelopmemaJ. micity of MTBB. A _lowest-obsavecl-advene-cffect level 

(LOAEL) of 10,800 mJfm3 ~ ~ NOAEL of 1,440 ma/m3 for deveJopmema1 ~ were 

identified from the two-pueadon lepmduc:tive micity test (Neeper-Badley, 1991). ·For 

. this inbalatioa study' 1IIICeltlilq '&don of 3 Wae applied tot emapolatioD from au to' . 

humans and of 10 to ~Cm~11C·for ieDsilive lmn1an sabpop•latioas in ICCOid with aweut EPA 

practice for inbalatiOJl eAp\liUI'O. .Tbis c:aJm1atkm msulla in a pe1iD.IiDuy estimate (with 

UJlCel1ainty .nninl at.leut a order of mapitnde) of 48 rqlm3
, at which Jio *~~e 

deveJopmema1 toJ:icitJ is 6Dly to occar bl ~m•n• (J!dncfina _.,,rive~). The 

exposure JeWt tbat milbl produce dfectl. bl ...... ia Jdcbly ~ &dmadon of such 

a lt:vel would depeDd OD the mapitMe aDd .clunt+on of e•t+oliue; the cfisposidoD, 

mdabolism, and rhmnemldpetfa of die compound blto .. in.ac; .. !he lallitivity of Jnuftans 
. . . 

· to die effect as compamd. m IJ!imal• dllt wen tellld. It ia PoenDJ impoltaat bl 

· usC:samema of.~ roxidt1 to cou•i.W ,llliiiiOlt-flml e•t..__ 111&1 result bl · 

adVerse effects, if tbey occur cturinc the appmpDale window of aeasitivity. However, no 

infOrmation exists for MTBB in animals or hqmans to «We• mine mom accurately tbe 

minimum level and dmatioD of exposure that m.iaiJt ldversely aft'ect tbe developing organism. 
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Thus, it is. assumed that even a short exposure bas the potential to result in developmental 

toxicity if the exposure concentration is sufficiently bi&h. 

2.2.3 Loq-Term Exposure Effects ~ 

Pursuant to~ 1988 consent order under .the Toxic Substances Control Act, EPA 
. . . 

required that ind~ conduct extensive studies of the health effects of MTBB in laboratory · 
. . 

animals to estimate potendal effects iD bnmans. 1be studies evaluated all major orpn 
' ... . . 

systems usin& mutiDe types of methods aad iDcluded tests for ieproductive aDd developmental 

effects (described earlier). Chronic cUcinopuicity .usays were alSo pedormed. 

NonCtiiU:D' IUI•eu ·· 
In 1991, EPA evaluated tbe ~ chroaic effects of MTBB based Oil subcluonic . . . 

.studies ~·develoPed a bealtb meufc called'~ jnhaJadoo mCereace coaceallllioG (lUC). 

WileD chronic exposure studies wae tepOrted, tbe RfC was ~ to iDco1'pomt.e tbele aew 

dala. 1be cmieDt RfC for MTBB is. 3 mr,Jm.3 (IRIS, Intea"'M Risk IDfomladoa System,· 

1993a). An RfC (for any chenri<31) Ia deftDecl u aa inbaJed C()CriuU etiml, wldl aa 

unc:ertaiDty spamrina about ... order of mapitncte, tbat .caa be inhaled cmd111101J1ly. over a . . . 
Ufedme by people ("meJudina sensitive popaiadou) aDd Ia thonpt DOt to pole aJJY appreciable . 

' • I 

deJtledms noDcaacer bpird. ~ 1tfC for MmB is bued oo ltDdiel of ms ieaposed to ·, 

1,450, 10,800, or 28,800 rq/m.3 MDB for 6 ~day, 5d&JIIwe* fOr 24mo (CIIIm et al., 

1992). At tbe twO biper CUIX'edhadons1 tbere WU «rreel IDOdality ill maJes. 'I'IIe 

n0acaacer effects oblaved It 1o,soo ma~m.J, die LOABL, wen ~ 11ver aad lddDey 

· . weiJbta, iDcftued aevedty of spontaNQIIIIddDef leliolls~ iDcrea.s ~ of pracutdoll . 
(extteme emmldoll) ill fema1e rata, ad IWOllm ~- .U.. ia male ·aDd female Dtl. · 

1CidDey eft'ecti wen .abo ~ ia male •· bat are· colll4encl Jell m1ev111t to a 

quaadtative human noDcancer lilt ....S... becan'!' tbe ,.,,.,· -,ecl pmpeaion of tbe male 

·kidney JesioDS caused by M'1'BB may be due, ill pat, to U. t.1dnp of a pmteia 

'(alp~) tbat bas DDt bem ~ill female .... or'* anini lpdei, iDcJuctinl . 
humans. A NOABL of 1,450 maJm.3 Wll estab~ bued 1lpOil die ICDdil:s~ Accoldina to 

. . 
the RfC. methodoqy, tbis NOABL wu dosimetrblly ldjulred to appmdmete aa equivalalt· 

CODtiDuous exposure level in burOans aDd divided by a 100-fold 1IIICedaiDly factor to obCaiD 
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the RfC. The uncertainty factOr reflects a factor of 10 to protect unusually sensitive 

~dividuals. and a factor of 10 to account for both iDterspecies extrapolation and the Jack of 

cenaiD information from the chronic exposure bioassay. 

In a chronic in: Uation study (Burleigh-Fo~~r et al., 1992), male and female mice were 

exposed to 1,450, 10,800, or 28,800 mglm3 for 6 b/day, 5 days/week for 1~ mo. Mal:e 
mice from the high-aposum Jloup exhibited an ~ m~ rite• maybe due to an 

increased frequency. of kidDey disease (obsttuctive uropathy). Aluia (stagered· walking) 

wu observed in all animals exposed to tbie bip MTBB c:oaceatraliOn. Otber effects zeportec:1 

iD bOth sexes of tbe ~n poup iDc1uded decleued body weipt pin and. 

absolute body weight (males only), iDclased liVer llld kidDey w~ (females Ollly), . 
. . . 

decreased brain weipt, IDd a .upi decrease in 1lliDaly acidity. BistqwtboJosic evahiadon . . . 

n:vealed DO lesions ill lllJ OIJIIl except tbe liver. CeDnlv cbiDps ill tbe liver occurred at .. 

the hi~ ezposuze level ill bodl. sexes, bat were ODly Ddsdcally sipificaDt ill tbe male 

mice. No conceaiDdoD-related effects were iepon.ed at ~ lllid-el:poae level. 11ms, tbe 

10,800 mr,Jm3 a*I'OIIll'e level il coli~ a NOAEL for dda.IIDdy. 

In the usOciatect subcbroaic study, 1111 wae e•t-oeed to 2,900, 14,400, or 

. 28,800 mafm3 MTBB tor 6 blday, 5 days/week for 13 weeb (Dodd ad xb,;p~ 1989). 

AJ in tbe cbroDic stUdy, tbeim wae 110 aodceible effects • 10111e of die pmmetea or 

orpns studied, IIICh u die Jnnp. ~ever, tbe CMDI1 weilbt of evideace JiMfiratea tbat tbe 

. 14,4oo-maJm3 level Was Daodemtely ldveae U,''aevaa~ • .,stem. m die .•• ai ~ 

by dec:reued bniD--~ ~ mlllhe·.lddDef. """"'· ad liver . .-. 1be 

NOAEL ill die ma ,..· l,900 ;.;.m3• Neither ... DOl' .ireaaJ.. etfo:ll were DOled ill die 

chroaic at IlDdy (Cima et IL, 1992), ad baiD 6cll ~-nued bDiD viC:ipt) wae ~ 

· observed at 10,800 'rq/m3 Ia die moase IlDdy (Bndeip-PI&Jer et d., 1992). 
II\ • 1; 

• 
·. Potatlill for Olrr:IJIIIPifldll · 

PediDeat data fa ......... tbat ia 1llefa1 far cfdennJni .......... Of DOt Kl'BB CIIJW 

cancer .11 DOt av:m1able. ~ore, tb; ~ li • tbe lnhnaJ dilL 1'he ~A; a omCe of .. 

H~lth llld Bllvironmental Assesaneat .(••mm•rized by ~ et d., 1993) ~ perf«med .ID 

~ Of the cancer tests iD tbo Clnm et d. (1992) llld BnrleipPiayer et aL (1992) 

chrOnic scudiea lllelldoDed above. 1bis cuaaJt evaluation 111111t be CODSideled to be 
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preliminary until additional data are considered, includiDc a rec:endy reported oral exposure · 
animal bioassay from the Bolopa Insititutc of Toxicol~JY (~CO Chemical Company, 

1993) and additional. mechanism studies of Jddncy toxicity. 1be complctc assessment will 

then be subjected to rcvic~ by an EPA-wide wore.poup~ 

1bc two available chrollic ani~al c:aacer bioassays of MTBB (Cbun et al., 1992, and · 
. . 

Burlcip-Flayer et al., 1992) were uscssed. · Ill these bioassays, poups of SO mice and · . . . . . 

poups of SO ats of each sex were exposed tc, MTBB. Mice wcrc exposed 6 blday, 
S dayslweet·for 18 mo to eitber fi1taecl air· or MTBB ia fi1teled air it COIICelltladoas of 
.1,..00; 10.800, or 28,8oo rq/m3• Rats wcrc ~sed to .; same ~ for 24. mo, 
except for the mid- llld bicJl-dose males, wldch wcrc autopsied early ·c~ue to excessive · 

' . . . 
~- Cllemai-IDducecl toxk:itJ. ieduced IUI'YiYal, lack of cJinkal chemi"'J 
illformatiroa 11om bJood llld urlJie 11111plcs, iDd coasidelably .Jeu.dlu-Jifetime exposm:es 
make lbese lbJdiei clifticu1t to use for a c:udDopaicitJ. bazucl cbandaizadoll ·without 
.COIIIideable micedaiiaty. 

Ail iDcreue ia am JddDey tiiiDOl'l was oa.ned aalf ia ille add-.llld bicJl-dose JrOUps 

of male mts. Tile iDcmuld fncideac8 of JddDey "''MD ia.~ lillie ... k "'d.nD.y 
sipifiraitt compared to ~ coaaols.· llllpile of hiP IIIOitalilJ 1eacUna to die euly 
tmni!Wfim of die JUch-dose.·lllldJ poup, JddDey 111Di0t incideare Ia elevated, IJat widl die . . . . ' . 
pmbabiBtJ of~ a sJaftHicnt 1apODI8 c:onapU,n;.t. A q~lellbl a1waJa .... u to . . . 
whefhei.·kidiley IIIIDorl pn1eat iD eapated male aa ~ ·c~ae to tbe10""""1ttkw Of a spocia-
llld .. ..,.,.Ac p1ueia (~lin) ad iaa IIIOJ:i•lell JM&Ief'JI ot•••p (aipluopldlJ) 

. . . 
ia die JddDey 1DbaJe cella. If 10, die """""" iDcnue Ia IIIDWX' wcdi DGt CDII•ibule to die . . c· . . , 
wapt-of-evidcace for Jmwn eaadDopaiicilJ. '1be dlta ftl8 ewlae!ed .:eprciiDi ID critm ia 

. ,set fadb by tt., BPA ~.S. Bilvitwtineatal Plutecliaa Api/:J; 1991b). Veq Bide~ · -.. • . ·II ·• • . .• . . . I • I ,.~ ' 

_eliiu ....-daa• ~· ... ~·lei."'""'~ •Jthon&h ntitmll. 
iufb•ngfim fram.oaaoiDIIIPdiel wiD help to reflile Gl" 1D ........ ddl dahn '1be 

. fiwlinp of aeplrrop8diJ llld a ale JddDey 1111110r ia c. female at m... it cli"kfdt tO 
coaclade·lbat lbp naal ~ ~be attnOntrd IOielJ ID dda 'llfiiGCIJelizoll. ~ i1ohwtin 

•echnin Tbe:reforo, beclase die meehanin• of JddDey hnllf:Jdialelia am DGt Jet 
· ~ the lddDey tumors am viewed u contrt"hrtina·ID die_ oveaU weipt-of-evidaa · · · · 
for M'I'BB carciDopaicity. Exceaive mortality ia die mid- llld bicJl-dose poupa indicates 



that the maximal tol~ ... ~ed dose may bave been exceeded, thereby. iDcreasing the uncenainty 

of iDterpretini the data in terms of h~ cancer ha.zud. 

Testicu1ar tumors were statistically significantly increased in both the mid- and 

high-dose groups of male rats compared to co~t controls. A dose-response trend is . 

clearly. evident. 'Ibe meaning of tbe MTBB interstitial ceB testicular tumor response in the 

test ra~ for prediction of human c:arcinoaenic risk can be questioaed, however, because of 

high spontaneous backpouDd incidences of intentitial ceU cumon in this strain of rat. The 

statistical significance of the findina ctisappean if tbe incidences in test animals ~ compued 

f:O· the avenge ~ in bistorical controls. Coacuneut controls am generally recopized to 

be the most appropriate poup to 1110 fm: the ImPose of ddmminina the stati~cal . 

significuc:e of observed diflCnmces between exprimentPI poupa, ""lea tbae is a fault with .. 

the controls. The. sipificaDt increase in testicnlv tumors wbell ~ to CODCUI!eilt 

controlS, wuplai with tbe dose response, is jusdficltion for viewina this ~r type is 

conttibutiDi to tbe ovenJ1 weipt of evideace for MTBB c:atcinopajcity. 

Methyl tertia~)' butyl etber calect ut iDcreue ill ~ 1lllllofs iD mice it tbe hiah dose. 
. . 

Evidence of"toxidty obleMd at ibe bi&h dole caw tbe Jmm•n baZud sipifk:ance of 

~ ebardeaDy induced IDOase liver 1IIIDOD to bo tbe subject of debate. n. MTBE 

mouse study is a Jea..cbaD-Bfedme IlDdy of 18 mo, _..diaD. a 2-Ja.J lifedme lbldy •. The . 
. . . 

sborteaed time of tbe e•v-ro ctecrea.a tbe lallidvity of tbe bicJe•y. A tumor respoDSe . . . . 

wu noted at tbe bfP dole, ill spiti, of tbe lbodaled lea&dl of tbe biolslay. A Sbltistbny 
. . 

sipificant increue ill" c:udDomu ... observed Ia male mice aad 1IRa:y wu ~- . 
. . . . . . 

In female lllk:O, dleie wu a lbdsdcaDy sipHirant increue ill ..,..,,, (aad ~ and 

carciDomu, ddveD iJJ the ldalomu). 111eae is ., way to bow .....,., a 1aapr exposure 
. ~ ~. 

period woa1d haw p10Yided a apnded penem of lelpO'Ne ill tbe mid-dole poupa. . . . . 
. Medlyllet1iaiJ batJl ~ bu DOt beea observed ID bo llllltapllic illlllOit IJIII:IDS 

~- It was foaDd ID be politive ill mouse ly.WJ.Jbowa 1e111 .<=. ~~ et al., 1988) •. Two 

M'I13B mee:abolitei am cmsjdrnd pataflaJ 1mmn Cll'rilq; ,. · fi•n•altfei!IJde ad 1BA. 

P~ is.ID1Jiapllic IDd ia cJaai&d bJ BPA u a "pobbbbe bnman cuciaoaea" . -. . . . . . 

(IRIS, Intepatecl Risk Info• matioo Systrm, 1993b). Onl 6*l"'C8111le ID TBA induced a 

statistic3ny sipificaDt increue ill thjmid adeDomu ill femlle mice and appeared to increase 
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reoal tumors in male rats, but this increase was not statistically signirlCaDt (Natiooal ·, 
Toxicology Program, 1991a,b, 1992) •. . . 

Although certain MTBB tumor responses are statistically significant, none of the . . 
responses is consicV- j truly robust, lnd the .laclPof a strong, clear-:cut response diminishes 
cOnfidence ii1 tbe daiL Available mutagenicity data on MTBB are primarily neptive, · . I. 
altboup a metabolite (formaldehyde) is mutapaic. FU!thermole, controversy exists 
regarding each of tbe. tumor eudpoinrs, aDd tbe _ltUdiel bave sbortcominp that impede 
developing cJear.cut infereacea abOut poteatial hginan bazud. .AltbOup more robust 
responses in both tbe nt aDd ·mOuse would add stRqth to tbe CODCein for tbe 

' ' • • • ' I • 

cucinopllidty, Cakea toptber, tbe responses ieea pmvide IIJjmjfed• evidellce.~ ariimal 

~- Bleil ~ tbese reapOases ia sugellhe "ot pWe~wtiaJ caldDopaidty aDd adds . . 

to ·the hazard ~a.. Carc:iDopDicity of .. M'I'BB metabolite ia ,. IDOtber c:OncenL . . . . . 
~ stated above, fultber ~of die data bue, includinc tbe mceat Italian study 

(ARCO Cbemka1 Compmy, 1~), wb1 be 1IDdelllkeD before a ftDa1 ~ 
ciaS-Vfication ia detamiDecL At tbe pm1011t time, tbe data .....- .._ a tcaWive •c• 

. ' 
. cJanifiration (poaible bgman caiCiDopD, bae4 OD Jimitftl ...., erilleDce) Ia saippoltable. 

Aldmp .up ~intfes Gist ill tbe data bue, qaaadlative cane« list iDdices 
were developed to fadHiate CO'IJI.MIOO to adler ofwnbla baviDa c:m:iDopldc ldMty. . . 

. This type of.lll&lylia 11u a •wbll ir objective en Ia, ifM'l'BB·were a~·~ 
mi&bt tbe impart be?· 1be co~ C'IMW' P*'¥:7 """"""'·for M'11m spa. a 70-fold 

. . 
raqe, •ldioap IIIey ... ~·low ~~to ada'.~-· BeciU.., ~ tbe. 
uocecrf:aintja, tbe ablolale P"'*J ~ .. IIGt of impol1aDce. 

AcfdjtjonaDy, k 111111t be ~ dllt M'11IB ia ... ldded to P'9tiae, a •ixtnm 
that C'll Clllle ~IMW' ill~ anjmaJs, Ga~ mhcma abo iDclude odler 
cm:iDoieaa IIICh u small amoaata of beazeDe (Ciul A, a ..,__Jmmin .caiciaoaea> aDd . . . 

m1pipe enriuioas of\leftrene.whea MDB ia ldclecl to tbe penlifte <- Secdoa 3.1.1) •. 

Pmm ID ~ IM=lspec:tive, P"""' MI'BB ill psoJiDo ia anJDcely to affeCt tbe ciaaalt 
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2.3 Formaldehyde, Benzene, an~ Butadiene-

All gasoline-fueled a~tomoblles wili ep1it formaldehyde, benzene, and 1,3-butadiene. 

These pollutants are of interest primarily bec&use of ~ cancer potential. Benzene is 
. . . 

· classified as a proven hu~an carcinogen, and 1 ,labutadiene and formaldehyde are clasSified 

as probable human carcinogeas (Grindstaff et al., 1991; U.S. ED.vironmeutal Protection 

AFJC'j, 1985,. 1989). 2 If exposure ~as of an these chemicals were equal, the 

ectimated cancer risk fiOm exposure to formaldNlyde woUld be simuar to the risk &om 
. . 

~ to beazeae. 1be risk fiOm e&plSUie to 1,3-butldieae would be several times 

~- • Bowevet, exposure CODCelltDtioDs to tbese cheaUcals, although not well quantified, 

ProtectiOn AgeDI:y, 1987; GliDdSaafr_et al., 1991). lrrimiml of tbo eye., DOle, aDd du:oat is 
. . 

tbe -~ common effect ~ in humans flom sbort-teml. eip)SIIIe to f'olmal&:hyde aDd • 

can be observed at =cposme Jevels as low u 0.1 rq/m.3• Sbort-teml exposures to 3 or 

4 maJm.' do DOt produce aodceable hmc effects. pcmn.Jcfchyde e•posuze bas beeD tinted 

with a number of behavioalllld pbysioJop:a1 eft'edl such u ddnt, djni""'', headache,·~ 

apathy. Besidenb of homes in wbk:h foaDaldebyde ccmcenbatioal nnpd from 0.06 to 
. . . 

· 0.6 maJm.' bave lepOded tbele_·ay~•tJUDI ~ willa an inlbiHty u) CCIIadtnte·IJid sleep. 

Toferaace to low Ieveii of fbrnia1dekJde cui occar ill~ after 1 ~ 2 h of eaposiue, 

but symptoms can recam if ea;pOwie is Juleulll*d·llld dial JeSOD!td. It sbould be noted ·tbat • 

JOllie of tbe I)WpDDI. 0( icate fbnn•~ apamre delcdbed iD ~ ldftlljftC 6teramre 
. . 

.me UllODI tbolo blvesdpled·~ _, t.t;rBB cpide~Diolopcaillld lniman cJbricaJ·sta&a. 
. . . . 

.. ,. -: 

• 

;,., .. bat a c:acer clwftcecina of A. a a- cac:mo.,. 1laecl ODIIIIJicimt ~ flolll . 

.,ulemiolop:.l rvti•; ~ il cl,.., u·Bl. a~ Jmmm CIICiziD&m baecl ODIIIfticilal 
fl¥idlace flolll Glimll ..._ ..t Jjmjt.t evidiDae fzalll Jaaa.a etqcti.-; 1,31uw'i=- il dee_, u B2. a 

...., .. 11ua11a ~ ~ Oll-"icillll ..-.... traaa Glimll ~~~~&~ 1114 ~ •·rrom 
~olosfcali&Udiel. 
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3. AIR QUALITY AN& EXPOSURES · 

3.1 Air Quality 

3.1.1 Air Samples 

•• 

To obtain SOL .~ degree· of information of ~DCeDtrations of pollutants· of interest, 

Zweidinger (1993). bas analyzed air samples collectecl over 8-h periods in Fairbanks, 

Stamford, and ~y for aldehydes, MTBE,. aDd other VOCs. However, due to study 

limitations to be discussed later, the data onnot be used· to quantitatively define air quality in . . . 

a City. 1be Fa.irbanks samples were coDectecl by the State of ~ clurinc three phases: 

· Phase 1 was immediaiely ~ to the pbase OUt of 15 s. M1'BB in psoliDe (December .1 to 

12, 1992; 25 voc and 35 aldehyde samples); Pbase 2 was duliDa the phaseout (December 

18 to 22, 1992; 31 VOC and 26 aldebyde SIJDI)les); ~ Pbue 3 was after tbe phaseout 

(Febmaiy 2 to March s, 1993; 73 each voc and aldehyde iamples) ofMTBi! oxyfuels • 

. Based OD tbe IDilysis. of psolille iamples collected ill Pailbmb dnJ:ina Pbase 2 llld Pbase 3, . · 
. . 

tbe perceut of MTBB ill ~liDe decreued from 8:5 to 1 S (tmlewJed teplar) and 14.7 to 

5.6S (premium). Tbe S11111f01d llllipJa were coDected by BPA Jt.epm 1 (Aprill3 to 14, 
. . . 

1993; 30 each VOC ad aldebyde sampJes) aDd. teplca!Dto.S aiaher put of the muntey 

wbere MTBE-oxypnatwt psoliDe wu lllo sold. Tbe AlbiDy amplel were collected by the 

New Yolk State Departmeat of Health (May 5 tort, 1993; 20 ~ VOC ad aldebyde 
. ' 

samp~) IDd &epreseated an uea oftbe CO'""') w11em M'1'BB was p1eacait oaly u ID ocaane . .. .. 
mMncer ill psolille. Tbe .Pailbab Pllue 1 antpJa wen aDilJzed by tbe-Orepl Graduate 

. . 
Cater (VOC) IDd De.t Releudi. Tn.ilnle (aJdehydel). All odlet IIDbieat 11111pJes wme 
~yzed bj EPA's Atmospbedc _'Relellda aad B.p.ue Alsesment ~· Tbe · · 

samples from each city oonsilled of JWdlide illiiuectiOas, ps ....... - islaDd), pDp . . 
L'> •• sern= bat~, iesJ1endal neiphorD:Jocls, 'aad indoOr air IDd bri&•OUIIII sites. IDdoor, 

~..,., It• . fl. • . . 1•1 • ,., • . ~ .. 

service bay, IDd blckpOuDd abel wen DOt ccllec.cl Ia Albay, aJI8fll,) .mce bay'iamples 

~em "'llleded iD Pmt.Db dwn '"I Pbue 2. ~o, oe:tilf8&-•Ry odeurat ·ampJea were 
coDeded from die fmedoa of com!!Wdal can .-1 tncb .Ia Pahbab dnrinc ·ea~y Pbue 1 

ad Pbue 3. Sjpiflcat diffea:eaces ID ambimt tempenmm aad other·~ . 

. cOaditions existed IIDOIII die cides wbere samples were qolleded Abo,. oaly a feladvely 
few samples we&e collected in a given area, IDd tbe sampla wea:e colltaccl aver ODly a few · 

days. 1berefore, tbe dala .cazm.ot be used ~ quantDative1y define tbe air ~ in a city. 
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Rather, the data can be used to estimate approximate ra.ages of· air quality in the locations 

sampled. · 

The highest av~rage collCCiltrations of MTBE (0.011 mglm3), beDzene (0.629 mglm3), 

total nomnethane ~ 6Ulic carbon (80.5 ppm C), mftl formaldehyde (0.038 mglm3
):,., .refound 

m prage service bays. One of the highest average conceDtrations for a single compound . 

. was found to be 1,1,1-trichlometbane (methyl chlorofO!m), ~hich exceeded 38.0 mglm3 in 
. . . . 

service bays (Fairbanks, Phase 3). Aside from tbe ·semce·bays, M'I'BB ~ns were 

next highest at ps ·staiions (Failbub: 0.194 maJm3 Pbue 1; 0.134 mr,/m3 ~ 2; and 

0.020 mglm3 Phase 3). 1be S~ ps statioD ~B coaCeatntioas wae tbe iowest 

(0.013 mglm'} but were likely tbe result of sampl« 1ncatiOn (Aibu.y averqe was 

0.086 mJfm~. Whereas samplers ill Pailbub llld Albmy wae kxaled oa tbe pump 

is~, tile samplers m Stamford wae located at kat 15 ft away tiom tbe pump ~

IDdoor and outdoor MTBB ~tratioas wae sjmUar llld ~ about O • .QlS rq/m3 ill · 

tbe. Pba.se 2 PairbaDks samples, faDinJ to ,0.0037 maim3 ill Pbue 3, with tbe excepdoD of 

ODe bome WIJme the avenp indoor wJue WU 0.0'72 DJJfm3• 1bis home hid ID Ida~ . 

garap and also bad e1eYated Jeveia of beD?ftle (0.138 maim'> and adler ~·nets · 
usociatect with psoline •. Illdoor MTBB iD S1liafold avaqed 0.002 rsiclm3

• 
' . . 

Methyl~ batyl etber·CODt'eiJtradou measllled ~ wbicles iD Pabbanb avempd 

0.024 rqlm3 iD Pbue 1 (DOt tacbdna oae sample of 0.24lmaJm'> ·ad avempd 

0.019 rq/m3 ill Phase 3 (DOt mCiucUnl Olie sample of 0~127 mg!m'}. . 

Pormaldeb.y~ COJnntntioal Were Mper mdoon (0.012 to 0.034maJm'> than 

outdooli (0.0025 to 0.025 maJm'>~ Wbicb is ·panany • ciae, ad levels appeared typical 

' of thole .... iD iMoor air lllldia. . 
. . . . 3 

Benvw Jevela wae hipei' in Plilblnb (RWnF l""dsjde Ieveii wen 0.026 mafm: , .. 
December; 0.042IfJI/m3, PbuO 3) tbia tbe otber c:itiel (SCimfmd, 0.003 DJJ/m3

; Albuly, 

0.9()14 rqlm'}-. 

~ Auto/00 Air Qallity lmplOw:meat Bea:atdl Pmpam 'ec~mjrwj tbe in'l*t of 

M'IBB On motor vebicJe toJ:ic emiuiou {Bader ct 11.,-1992). 11da wadt widi 20 wbjc1ee 

(1989 models with 3-way catalysts) ~eel· tbat, • 75 •lr, diem is a tlelld for H1'BB to 

cause a aet reductioD ill tbe total mass of air toxb. IDdmdaany, there ·is a trend for .. 

emissions _of beDzene to decrease and emimons of fcmnaJdehyde to increase; 1 ,3-butadiene 



was DOt substantially &ltered when MTBE was added. Whell ORD's cold-temperature 
emission studies 1.11:_ completed, mon: will be mown about these changes in air tOxics 
emissions. Although some models are available, these changes in emissions· cannot be 

quantitatively extmpolated to estimate impacts o.aaif quality (and exposures) within a city 
with sufficient precision for the pmposes of this report. 

3.1.l Air ConceDtratious In Veblct.Relateci :MkroeD'rironments . . 
The Buviroameallland Occupiadoaal B01Jth Scleaces Insfflute llld the Research 

TrliDg)e IDsdtlate (R11) completed· a SIUdy of field meuuremaJta of MTBB· CQDCel1tralions 
inside automobiles dming an approximate 30-min ~mute and durinl a fiD.-up of tbe gas_ 
tank (IJoy et a1., 1993). Field me~suiaueuts ~ coDected in New Bnmswick, 'N! .(two 
nrinns with tW1 service and _Slap II vapor rec:Ovea,); Welle._, Conmy, NY (three 

Sfldons with seJf service and Slap II vapor mc:overy); llld P~ Couaty, cr (five . . . . . 
sbrims with self .W:0 llld 110 Pbue II vapor reco¥e17). 0ae DOW model automobile (1992 • 

• 
0 

• 

Corsica) llld oae older model atolilobDe (1985 Capdce or ~86 MGate Culo) wen anipcd 
. to each COIDIIl1lter mute. Tile lf!mplea wen coDected ia tbe .fmat plaeapr side of the 

automobile. The mmber of Sllllplea per automobile aaaec1 fmm 14 to 20 for tbe cnnrrnite· 
IDd fiom 3 to 5 for tbe fiD.-up. · · The ddver'a willdow wu '""H dowD ""'ini die ftll-up._ 
The time to compJece die fill.:ap wu about 2 mill, &Dd tbe toCal time at tbe pa.ltadDB was . . . 

. S to 10 miL Ia aMitim to tbe II- 'II -11 -~~· illaide tbe •ut«.mobiJe a few. IMIPJl'eiMIItl . ' . 

wen collecred aar tbe blee•hina zoae of die penoal'llfae1ial tbe patlllt. . . . .. . 

0.018 to 0.275 rq/m3 {IJoJ ct aL, 1993)~ A~ ... t I .. - I I .. I I I I 

from 0.036 to 1.8 rq/m3• Ia··edctitjm to tbe II - 'It -II --t II 

dminl' tbe fiD.-a,P mapd 

illlide die autOmobDe, seveal· 
IDOIIUiemaft we&e coDected aar tbe penoa mfDeHDa tbe ill 1aDt. 'l1lele 

W~ ~ foUDd CD Dill" fiom ~~7 io 14 rq1:.S3
• Inside ~ older model IDI0ll10bilel, 

Co~K'z:t•tnmu were ....,_, pablbJ.J nflerliq ~ lxtweea die aafiDmObDe ctMip 
ad •wear-. _AD. elfect of Stap II~ recove1J coaJd ~be cnJnatrd dqe CD maay 
coafoe•ncfina &cton. 

IDtemarioaal TeclmoJocjel Inc. (IT) completed a aet of field meanementa of !tn'BB . 
~ in tbe penODal breathinc zoue dnrina fiJI-up, at tbc pump ;mnct, and around . . 
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the property line of ps stations (Johnson, 1993). 'Ibis study was done in ~rdiDation wi~ 

the above EOHSIJRn study at the same ten ps ·stations. All e9ncentrations for this stu4Y, 

even those in the intermittent breathing zone, were from a 4-b continuous sample. · Average 

fence-line (typically taken :.t the apparent propertfline) concentrations we~ found to range 

from 0.018 w 0~234 mglm3 MTBE (JoJuison, 1993). 1be highest fence-line .concentrations 

nnged from 0.36 to 0.5 mglm3 MTBB. 1be highest brealbing zone and pump island · 

. c:onc:e.utradoD ranged from 0. 7 to 9 mglm3 MTBE. These bratbjq zone conc:ent:rations ue 

compuable to the ~h continuous sample occupational coaceatiadons in a receat NIOSB 

· IlDdy (Nadonal Institute for Occupadonal Safety ~ Health, 1993). ~ the NIOSB study, 

the mean breathina :zoae CODCelltl3doD for stadoll attendants wu 2 mglm3
, with some. of the 

hipest ~ c:xreectinl 14.4 rq/m3
• 

M should be ecpedeci1• tbese 4-h breathinl ·moe CODCeDtradons desciibed above are 

lower tlwl ~ by. the. Clayton EaviroDmemal CoDsuiwlt study (Clayton Eavimnmental • 

. ComnJtanta, 1991), which collected samples only dorin1 tbe ~ 'pedocl (approximately 

2 miD). In the CJayten study, meaa. M"IBB CODCeDtradona ill the bJathina ·zoae foi' oxytuels 

baviD& 12 to 13 ~ MTBB were 13 mglm3
, with~ ~. llld 3o mglm3

, Without 
vapor r«:ow:ry. The ablolute DDP UD0111 dae M'I'BB wu 0.32 to 

137 mafm3• Altboup several lflfions were monitored, the 1ripeC aad lOwest measurements · 

were made It oae statim, illustllriDc tbe 'YIIiability of. bl"''rhi"' ZIJIIIe .exposures. A wide · . 

DDge of ambieDt air~ Within tbe bmttdna zaae .call be expected. Ambient m· 
CODCeiiUidoas aleuared-lt a au mtim wD1 be bi&hlJ ~ upoD tbe ~·speed aDd 

.. I 1 .. -111 f II t I 

3.2 Jmnan &posare Eabnates of MethJI Tertiary Buql Ether 

· 1bo data Oil air qaaJitJ aad mkmeavirow•nw••• {e.J., dnrina mfaeHDa, iDside cars, ill 
. . . . 

penollll praps) ue too B:mitrd for a qaanritative estimate of popnllfioa ~ 

At best, they call be uaed to esdm•te approximate tm:.d·~~~~p~ of po«entjaJ exposures. 

· Because of tbe iDt&=st m MTBB, the presem evaiDIIioD focuses oa tins compound, even 

tboqh any pOtmtiaJ ,.,th effects JDiPt ~ · fiOm cOmplex poDotaot mixtures of wbich 



· MTBE is only one component: Funhermore, potential exposures of only the general public, · 
DOt occupationally exposed groups, were evaluated. 

There is a need to estimate both acute and chronic exposures to elucidate health risks. 
Table .s outlines the persaaal activities that have been CODSidered in developing an &..mual . . ~ . 

!umaa 'exposure estimate (Huber, 1993). Gasoline fill-up is divided into tw9 parts to account 
for both the fill~u((l.S fill-ups/week) and the remaitring time spent in the Station 
environment. The distribution of hours ~·in each lilicroeavilo._ent is based to ~me 
extent on a reasonable iDte!pretaticm of available population activity studies. 1be .peatest 
difficulty ~ in t::ryiDa to distribute the balance of time speat in oae's ~~ office, or - . ~ . . . 
outdoors. ID this example, which represents oae ~ sceuario, tbe typical time ·oue . 
speuck either at bome or in a worlrplaCe is n:1atiVely Jarp. 1'berefore, if-there are elevated . . . ' . 
CODCCDtratiOus in these envimnmeats, they 1riJl bec:oJDO tbe lirpat contributOr. to IDil1lii 
averap bnmu exposures. 

Tible S also snmmarizes coaceatradoD estimates witbia the adaoeaviroDmeats based 
on avwDahJe dala xepmted ·in the pmvious secdoa (Secdoll 3.1.2) ud 10111e modd Ntimares 
(Huber, 1993). Tbe upper bouDd of tbese CODCeDtntioaa ad the UP•mpdou ued are 
believed to be a reasoDable worst case, DOt tbe wont cue ponible oo. hlfrequeat ocCuions. 
11ms, it would be ~ ibat most people would experieac:O lower~~ The hiP 
values for JeSidentfaJ pap aDd bouse. usnm~ an lfllcbed pap with eYipo1'ative enriuioas 
fxom tbe llltoiDObiJe or a small psoJiae spillwidl the praae door doled. 1be JDp value 
for outdooli ummea tbat oae. would Jive aear a pa lf!!im or a heavily uaed JDabway. 

1be COJDIIO'CMII of die •ftDIJil averap hgman e•p3111t0 calc:aladQas usiDc the 

usumpcioDs deacribed above 11'0 sbowD in Table s. 1'11ia. table ch;ady idaidfies the ~ute 
aud JUOliDe fill-up u the lllOit importUt micmeavimn.,..,., lJDJea tbe:le - sipfflctnt 

' ~ eilus·~ in a roridentiil ~· seYi.al Wmqel t;JCiihlfN watt·ctevekiped usiDa 
the Tt-ble S values • .''Ibese estimaw ue for 4- IDd 6-mo HmB OX)fuel..,... aad annme 
that ~ c:oacemradoaa ~ lOS of these VllDea for the fti!IMncfer of the ye~r. 11lia lOS . . 
~ is baed ~the W tbat the llllOIIDt of MTBB in the •mhient air Ia pmportioDa1 
to the amoant Of MTBB iii the fuel (l.S S in all110118XJfael ~ 15 S in OXJfuel). It is . . 
very d.ifticolt to emmate MTBE levels during the IIOD01Jfael season because MTBB is used · 
at varying pexcentages in some premium psoliDes and more IU'ely in tqU1ar psolines, and~ 
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TABLE 5. ME""IYL TER11ARY BUTYL E1'HER EXPOSURE ESTIMATES·.· 

Activity OcCUZTeDce TimelY ear (h) 
CoaccalraDoca · 

<mifm3
) (~)· 

1. G.- fiU-up 1.5/week 0 
2 min ,.. 

2.6 36.0 93.6 
OtherO 
lOmiD 13.0 3.6 <46.8 

2. Commutef'ui vehicle 10 blweek 520 0.36 187.2 
3. Auto lbop 4/yeaz 0 

15 miD 1.0 1.1 1.8 
4. Public prqe. 10 miD/day 60.83 1.8 109.5 
5.1-Pd«nd•'~ 2 miD/day 12-16 3.6 .Gt'l 43.8 

0.011 (L) 0.22 
6. R.eMeace 10 blday + 

weebDd . 4,160 0.036 (H) 149:8 
0.011 (L) 74.9 

7. Oftice - -40 blweelt 2.080 0.036 .74.9 

17 blweet .... 0.036 31~8 

. 20hlwelk 1,040 0.345 (H) 374.4 
0.-~ 37.4 

. ~ • RiP; L • l.Dw. 

'.• .. ·. 

althoup pmninm fue1a have a bi&Jw!r perc:tf'*IP of M:IBB, ·lea il ued. '11le 1..5 S MTBE 
chosea ii aa assumption tbal.illibly to be a hiP or eiCellive1y hip Mtim•te. Table ~ 

weze.cut to Iepaeat D---aNe Wora-cue e•I...UO estimates for the Wo&t.., adaJt .. . 
. . ' -~ ~- • 1 _u,._ ~· ~ . ~DDt&-....... OC:..¥1iA'1L .. e•po~We to • ..,.., wauiOIIIe OtliiMI"Ymve - . 

judpmalts &a. cmsidednlln &VIilabJe maiuJ.emaill. 8Jpomte for c:llildlS il e•1~· . . 

. to be lower becluse they do aot· PJ111P ps aDd apead lea time CQID1D"''•· ill heaYJ traffic. 
It can be uPUI!"d that a psoHne fill-ap IO'Iwm, """"np bdef, woald remit. ia the 

hipeet acute ecpaeam · • ·• 1'lle hipeet h•mn +aq+o1111e ia ep+:&ed wllaa oae il . . . . . aear evapondve enripjcw. 1'11111, eapoM"e would be peate1t ...a......., peollw. The 
highest leported M1BB coaceatntioa was 137 mtJm.3, •ldmp kMia ·u low u 0.32 mrJm.3 

. . 
were also m.easu&ed at the ~ station, i1lustradDg tbe wriahility iD fill-ap Ol+osuieS 

(CJaytoA PaviloDmeDtal CoasuJtaats, 1991). A mom typical WODt-cuo M"'BB coacemraDon 
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TABLE 6. ~~AL" AVERAGE METHYL TERnARY BUTYL ETHER 
· EXPOSURE ESTIMATES• . 

4-mo Oxyfuel Season 6-mo Oxyfuel Season 
Highb 

(mglm'} 
Low 

· (mglm'} 

o.os . 0.03 

•AIMmw. 1.5S aveftp M"l'BE ill p101i118 ill aaooxyfuel--. 
~ ... or low aposure Mtizm•• from Table 5 u.S. 

High• Low 
(mjlm') (-:.lglm') . 

0.07 0.04 

in tbe Jm::arhi"' J:ODe duriD& fiJi-up would be 36 mg/m3 M1'BE for a few mbmtes Qolmson, 

1993; Lioy et al., 1993; Clayton Bllvironmeatal ConsaltaDts, 1991). However, hiaber 

c:ona:iiiDiiou ~ possible, eapeci•11y iD ~ cue of u ICCidemal spilL 

For pmposes of C:ompuisoa 'to tbe 1-h- bnmao clirrical exposute studies (at s aod 

6 rq!m'}, 1-h time-weipted avaap M1'BE CODt".eDtndoos wae c:abJ11ftrd for two ~~ 
SU""rios. asiDe hiP CODCelltnlioD ctaaa. ne first remnjo UIOJDeCI mpest meuiued va1iJea . . . . . 

aDd iavolwd a 2-miD. fill-up (137 IDflm3), a 30-miD mmnmte uaociatecl witb a fiJI-up · 

(1.8 IDflm'l, aod a 28-mm ft!!Dairriq COIIIIDDte (0.275 mglm'); tbe a~ ia 5.6 rq/m3 

MTBB. n. .C.S Kewwrio uOcl tbe MTBB leYels oa. Table 5. Scemrio 2 usumed a 

2-miil fill-ap-(36 maim'>. 2 mJa iDa persooal pap (3.6 flll/m'l,·a 30-mm mmnmte 

(0.36 m. ~'}, 10 mill ill a publk pap (1.8 mglm'), IDd '16 IIIia iil a plbtk bnDdioa 

(0.036 flll/m'l; the aveaae is 1.8 maJm3 M1BB. . 
.. 

R•lth ·risk i1 enmeted bJ Jotea.•liDI bowJedp ofWitll eft'ecll aod Cip01111'8. Most .. 

cknwirals, iocnuoa M'1'BB, Clll caue WJth eftectalt ..ie Cipctllll8 CDKO•hilfoft aod 
. . 

. dm••m 1be -.· tJ.a,· iiU.. Jiblihoocl of people.....,. ..... .,·~ dllt ~ Clpable 

of cw~ JwJth e&cts, 1,rbicb ia tile topic of dda ILdaL . Uilced•intiea llwaya Gilt iD • 

ureameat . Aa will be cliac:ussed below, some of tbe ~indellepJdioa MT8B do DOt 
. . . . . 

overwhelm tbe ability to R'.ICh CODClusioos; iD otber cues, tbe 1IJJCel1aiDdel ~ · 

anyddoa more than ~ estimates. 'Ibis secdoll pleleDtS list mmares for the aeaeml 
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public (including highly c:xpQSed people such as commuters), not for those who receive . 
higher.occupatioaal exposures. People with._occuparioaal exposures tO MTBE oxyfuels were 

. . 
subjects in the epidemiological studieS ill an attempt to detect effects at high~r exposwes, 
providing a potential boulldal'Y to intetpret the pos!.ibility of effects at lower levels thu might 
be encountered by some of the general P.Jblic. 

..... 

4.1 Carbon Monoude 
No quantitative useasmeat of cbaqes ~ CO bmltb rlsb tbat may result with MTBB 

use is made here. Such an asseasmem ii a.eeded to ~ tbe relative beuefits. aad nsks of 
. CO and MTBB. 'I'held'ole, devdopinc a CO risk ~ would be of value. It sboU1d. 

include a total ~ usessmeat; -~·is, aa evalaltion. of_ an exPomre aoun:es (e.g., 
persooalmd public JIDPS, meet caD.yODS, iadoorl), .DOt just outdoor ambieat 
concentratioas represeDted by saadoDary IDOIIiton.to test for anatmriem of tbe.CO NAAQS • 
• orts sbou1d iDclude atima'N of tbe poteadal ~ sensitive siabpopaladoDs (by DUmber and 
pograpbkallocatioa) to expetialce ldveae levels r4 COBb. 

From tbe human dinkaJIIUdies, it appean ~ bealthy memben of tbe public ue 
unlikely to experience tbe aympiDJils of ililerelt (e.J., IMPdw:be) after a 1-h e..,.Be to 

· MTBB UDder tcmpemte c:oncfidoJJS aild COIU'•"atioaa (5 or 6.rqlm'} tbat ue hiper.tban 
tbose COIII'II10II1y enconnr.ed. ihe, em;pdoD i1 dill whea people refaet tbeir ~ OlliOIIle,. 

-but not an, ocasiou, tJJefmaJ nc:ebe liW (1-to~ e.-- 1D ...,.,DtiaDy b;per . . :. . 
c:oacemradoDI ofMDB tbllltllo. uec1 ia.dle cfwDber ib16;1. 1'11e.mn.je:.g of cta.nre . . . 

·s'" . on -,mptoma, ~'!''"'dim ue aynqMDDII, is DOt~ ~. evea.~P tbe ~ ... . . . . ·. ... -· . . .. . 
~inicalSUJdiel ~hiP 1-h awap coal:o••ra•iona reiiiMs 1D onnnnon hiP. public,. . ·. 
exposnm nmrios, tiM:n il a poaiNHtr dlat a hi&J- W pc..:'t f41-.sre caa1d iDf'bJento tbe · 
outcome. &muee then were-two-....,.._. diniiwl.,... dill 1IIICl bodl ~ (Le., . 

. ' . . •. aymptum reportN) IDd objectlYe (i.e:, ~--Wlammadm, bebmor) IDeUalel, die 
findinp Ire robust for .tbe IlDdy CC)ndjtJoa •. However, 1heae ltUdJea l1'e limited in dJat they 
used MTBB ill air aDd did DOt iDclude :tepi...,.dves· of subpopaladoas who miPt be more· . . . 

Por example, it is CODCeivabJe tbat_ Ml"BB-pso6De ~ migbt cause eft'ecta 
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different from •pure• ·MlB~ it· should be recOgnized that_ the clinical studies used reJativety 

young healthy subjects. 
. . . 

Most epidemiological studies (including the ones described heie) ca,imot, by their very 

nature,. demonstrate cause-effect relationships ~~se observed effects might have causes in 
. . 

addition to the pollutant under investi~n that.are difticult Or impo~le .to sort out. 
. . 
lbther, epidemiological studies have the potential to show usodarioas between exposures 

aDd effects. The study comparing workers from the New Jersey Departments of 
Transportation and 1'leasury fOUDd ao sipificaDt diffmeace in health symptoms between 

w~ !A northem New Jersey (wbt:li MTBB oxyfaels were iD use) llld soutbem 

New Jeriey (when ~ oxyfaels were DOt iD use). The m•mk Of wOikers questioDed was 

adequate to detect a reiadvely. small ~ ullepOltl of lnJth symptoms. 1'be ~-south 
MDB exposure diftcnace wu c:oatirmOd by a Hwi.S mDDber of air llld penoaal sampler 

measuemems. .the worbn speat most of their Clay with cat1 (e.a~. ~-ps, driViDg • . . . . . 
vehicles) aDd thus would be e•1rected to bave a-hiper fuel~ tblll memhen of~ 
p:aeral pub6c. W"Jtb tbe undenrJncfinc tbat qaaDtiaalift cowuperiiQM betweea .tawfold aDd 

~ caDDOt be made because of~ _clifteaeaal, it il sdD. useful to discuss tbe 

dift'ereaces in the acquired data. 1bem wu 110 dear diffa:eaco bdweeasyldi*>W pnMlaDce 

from Q.VDmaten iD Stawfold (with M"I'BB ~) llld _.....,amce wm•eu iD Albmy_ 
. . 

· (without MTBB ~). Gcmerany, then· was DDt a Jaqe diffaeuce b«weea wodl:aa 
t 

n=iviDc orenpetioad eap.. to"fuell ill Stmifonlllld·Aibmy. Allo, tbare wu DOt a 
• • ' . I • ' 

!UJe diffaeuce betWeeD c.omn~~~~~ llld people wbo bad biper ~tkwaal e•JC.U. iD 

Stlmford. However, Ia die Albay IlDdy, it appem' poaible dllt there may bave beeD 
. c:oafouMi"' betweea fiDIIJBu I)"~ IDd J.Q11B tell qu:llionl of a)mJ*GU. _ 
Tlietdore, conprim betweea StamfoJd llld ADu.y ~me W.:, ..,.ad.; 1111Cel1ai111y.· 

• · From ~:innnn dlr+:at llld epidemioqbl....._ cleic~ above. it doei DDt 

aMmnnntaJ chemicl1s, tbare 118 msCepcibie lllbpvdaticw wllo ... mceive·hipr-d~D- . 
usual ec1-osmei becaJiae of tbek ~divide. or ~ illbeleud) pater smsilivily. It may 
therefcm: be reasoaably usumed that aJthougb tbeJe am pmbably ~ Jealt lOWe people at · 

greater risk to M1BE, they have DOt been idmtificd. 
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do . so by questioning people reportiDg multiple chemic21 sensitivity.· Although they did not 

have significantly more. symptoms than other healthy people, the number of subjects, and. 

hence the detectability. of effects, was low. Another posSible risk factor is temperatu~. ·· . -
Ambient temperature may influence exposure anj delivered dose of M1BE in several ways. 

Temperature affects ·evaporation of the fuel and exposure durations. For example, at lower . . . . 

temperatUres, there is less evapQration, but people will drive with their car windows up. 

(reducing air dD.utioDs of M"mB inside the C81'). Also, ~ subarctic temperatures, people will 
. . 

breathe dift'erently, thereby affecting the amount of MTBB actnany inhaltd in outdoor .. 

sceawios (e.a., vehicle refueliDc). 'lbe above is not meant to be an exhaustive list of 

Po~le iisk ~. but does i11usuate ·that only a· few of tbe multiple possibilities h&ve beeJl 
-examined. 

'I'he epidemiological studies ill Alaska am· far mom difticult to intmpret. In Fairbanks, 

there was cleady a decrease ill health symptoms after M'IBB oxyfuel use ceaSed. However, . . . 
tbe price of psoliae (whiCh had iDcft:ased about 14e/pl) ~ tbe exl:lewly bigh public 

OODC.em about poterctjaJ healfb effects of M'IBB lito decftued wileD tbese fuels were 

nmoved. 'Ibis ~precludes clear ~ of die IaUIIs. If die other 

epidemiological or hnmau cJiniCIII studieS bad shown modente or saOoc associarioos between 

MTBB exposwe IDd symptoms, ~ it woUld have beeA pmbable that ~.least put of the 

~ in ~ ill Paitbaab wu due to ~ cesnd~ of M"IBB oxyfuel use.. Even so,· 
an influence of MTBB Oil Fairbab symptoms ca!IDC't be mled oai. Most sipifk:aDtly, 

F~ is UDique hecmae of IUbarcdc temperamns: ad ,.,. illVenioas that can result 

.tmm its ~y ·IDd me&eoroJoay. 1'11111, aplllll'el c:oald be quite diff-~ other 
. . 

ueu of die COU""Y· Tbe adler~ dilculsed bero w~ coaduded 1llide:r I~ 
CODdidoDS aild.bld diffaeucea ill Ibid)' cteaip, p1ewntinc pmcise compuiioas between ~
md the Faidub studies •. ID wkfitioD, in the euly PaitbaDb IDd ~ studies (see 

, Table 1), diOSe people widl !riper exposwe due to. tbeir OOiipldoD npoded 1DOfe 

sJwptums, sugesduaan auodldoa. DOt foaDd ill tbe· adler lllldia · llowever, it is also 

~le tbat differcucei ~ tbese poups (adler diaD ect-.re) miPt baYe ~ 
. . . . ' \ 

S)ii4*WI ~· The S)WptoW pn:valeace dam from ADcllonp c:aDD0t be associat«' . 
with M"IBE oxyfuel exposwe because there is DO compuable (even roughly coinpuable) 

groUp without MTBB oxyfuel exposure. 
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. In the StaJnford study, people with· higher conCentrations of MTBE iD their blood bad a· 
gteater symptom prevalence. Such a relatioaShip was not present in F~. In addition, 
TBA blood concentrations were not associated with symptom prevalence. As discussed 
~er, there is np evidence that blood lev~ of ""'\ITBE or TBA are quantitative indicators of 
e'ffects. 'Ibey do mow d;lat exposure occumc~.· 

1be availablf iDfoDDidon shows that developmental toxicity is produced at high . 
laboratory expOsmes of miCe IDd ·mu to MTBB. ~ discussed earlier, toxiCity in rats is not 
~eel at 1,440 mglm3

, IDd 48 maJJ MTBB is a ftUOIIabJe pmUmiDary estimate (with 
UDCCitainty tpanftinl at least an ordef of mapitude) of a level at wbic:h DO adverse 
deve1:oPmemaltoxicity ~ Jibly to occur in .. "' (IIICluctiq ~ subpopdmoni). 

· AvaDab~ infoiJDadon. sbows that 1- to 3-miD exposums to COJIIU!M!J duriq fuel·~s as a · 
typical wont cue would be 36 mt/m3

; other~ ~ a IIDP fiom 0.32 to 137 mafm3
• 

In some, bat DOt an fin-apa, -~ ~ peiter ~ 48 mt/m3 iDiaht OcCur. . 
1be chance of a bnman hizatd iDcmues ai eqaoNtO en:eedl 48 maJJ. No iDfomlation 
exists for ~ in .mm.•s or hjunans to delft ... ;. mme ICCCdately the rnjnimum level aDd 
-dunliOn of e~ tblt c:oaJd ldveriely ~ the developilla otpnin. Tbus, it is 
asmmed tbat ewa a slat ec1.....-e bu abe poca¢111 to remit ill cleftlopmcmal tDxicily if tbe 

. ~ coaausatioA is suf!icrientv JDab.. Whal c. Ccmpna tbe esdmates of acute 
exposure in a_psoline fiJHip a•"' to t1Jo •niwl NOABL, die hmnln ~ to MTBB 
13DF from 10 to 4,5oo times- Jawer tbaa tbe anjmaJ NOAEL.. Ia makina· sfmOv 

· ~ for a 30-miD com!lllltina iceMrio, tbe Jmman ellp)IUiea to M'mB wOuld xange 
fmm an ava:ap of 5,000 ID 80,000 timel ~ tbaa the •nimal NOABL. 

1bcle is a stmapr buia for dlawiDa COricJDskw about duoaic ~ cdfects. 
~ discusled ,.uer~ die B1C is ·3 mifm3 M"1'BB. Al:coidiu& to die deftnitioa of the a«:, . 
seasitive lllbppelatimt am DOt ec(IO*d to lldfer i'heao e8ioctl if e•poeed ~!!110QS1y for 
70 yaa to. tbia CODCBdllim If dl8 ~ of 3 riJrlu/ is cam...S to ewa die "i&t-' · 
annual e•p:.su&e ., of 0.07 maJm3~ ~ .DOIICiilcer afoc.. flam MTBB woakt DOt 
be elt'Cded. 

CbroDic inbal;rtioa ~ of Dts and mice. have pmduced. two types· of buors in 
rats and ooc tumor type in mice at very hiP COA<»tl••rioas.of !.fl'BB. ~ in tbe 
preseatly available cbroDic bioassays have CODttibuted to uucertaiDties about how important 
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the three animal tumor types ate for defining' a human hazard. The occurrence. of rare . 
kidney tumors in the rat may be of particular ~ concem, aith~gh there is a. question as 
to whe~er the kidney tumors are even relevant for assessment of human hazard. The rat · 
bioassay itself is con: 1romised by toxicity a:~ .;~=essive mortality in two of the three dose . ~ . 
groups. The occurrenCe ·of testicular tumors in rats at high doses contributes to the overall 

.. 
weight of evidence,· even though the magnitude of the hazard significance can be ~oiled. 
The liver tumors in male aDd female mice occur· at the. highest dose only, but in a 
less:than-lifetime study.. Some knowledp about MTBB metabolites adds to_ the basis of 
hazard erideDce because ODe metabolite bas positive animal .. some humau data, whereas . . 
the other has positive animal data. 1be cuciDogeoicitJ USCSIIIH# is not yet completed 
beclnse tbe exUring ~ved issues ile impottaDt scieDtlficany, ad additioDal ~on 
from new stucties is expected iD tbe. next few molllhs. A teatadvo view of tbe ~ 
data !"gests tbat tbere is •limited animal evideace• for can:iDo~ (Le., a tentative C • 
classification). A semitivity IDilysis of caucer risk incfira also IUgesll that, If MTBB is . . . 
c:azciDopldc, ils p0crney -is DOt libly to be Jl1'lfK tbaD tbat ~~lady Luiped _to psoliDe 
itself, wbich curieatq bas a bazlld c'tssificadoll of •probable• bpman -c:uciDopG. 

4.3 Benzene, Formaldehyde,· and Butadiene 
Eveu wbea mme iDfCJI!Didoa ia awDabJa Oil tbe impact of Ml'BB on air tDxics . .. 

emiuioas, it will DOt be possible to quadratively relate enri~ c:haDps to exposwe levels 

wida ~ p!a=isioD to CP."''''"' C'Df'el' list c:haDps, if IIIJ. However, tbe. tread would 
libly be fbr a liDal1 (If a.y) deCmuo ba pocemial CIIICW' _risk due to tbe mductioA iii the· 

. ' 

• 
. • . Iftbe *i.WJ.*ID compWnts ~RieJatid to tbe_ use of~~· tile~ · - . . . . fonnakWiyde .muinDs may be oae of several fact.on contribndna to tbe complex of acute 

health c:omplablll. HoWever; widloat beeler bowledp of fomllldehyde eapomce chaDps, 
there am lllljor UDCed•iaclei ba IIICh a Plative uiOdetiaL 
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4.4 ·summary of Risk Es~ates . 
• There is unlikely to be a substantial risk of acu~ health .symptoms amoa1 

healthy members of the public receiviDJ •typical• environmental exposures 
under tempente conditions (i.e., not subuttic temperatures). 'Ibis leaves · 
the question open about more subtle bealth ·~, especially amODJ. 
susceptible subpopulatioas. If acute s,mptoms are beiDJ caused by M'I'BE, 
they &wear to be mild and traasieDL 

- Acute-(1-h) q;posure to typically eDCOUDteled hiah abient levels. of 
•pure• MTBE does not appear to caue healtli symptoms, eye or nose 
iDitatioD, or bebavior c:haDps iD YOIJIII, bellthy adults UDder mom 
temperamre CODditions (e. a., 75 •P). However, it is possible that there 
are more sea.iitive· members of the popdadon whO would 'relpODd aDd tbat 
hiper CODCellbalioDs than tbole used iD the h,m•n clirrical scudia could cause effects. · · · 

- Pre1imiDuy 1eport1 of epidemioJosical studies ill New Jersey did DOt 
detect cWfamcea iD symptOms 1epolted by ~Olbn (dliw;rs, .mcclu!Dica, 
&efuelal) ill aonbem New )ersey (with M'I'BE ~) aDd southem 
New Jersey (without MTBE oxytbels). 

- There ·were not laqe di1feicacea iD sy~DptaD ~ betweea a vuiety of 
W01ker ad cwnmnter IUbpoapa iD S1IIDfoid '(with Y'IBB OX)faell} ad 
betweea the Stamford llld ~ (witboat MTBB ox)fueJI) popaJadoas 
studied. However, it is pnuihle that cold i)"tptoml 01' od:le:r facton 
CODf'C11mdrwl the Alblay. resnJts, inhihidDc the lbility tD llllb biter-city 
compari.... . · · 

. 
• SymptomlepudS ill PailbiDb cJaDy deczeuecl wllea lftBB oxyfaels were 

IaDCJYed. However, the sJtnadoD Ia cOafc.w•nded liDce the heiaJ•triawd pUblic 
coacem lboat the poc••i•J heaJt" eft'CCII, lriper COlli (14elpl), aad 
dilrirwme odor willa MTBB OSJfuelali deczeuecl wileD MTBB OXJfUell 
wen lCIIIIKMid. BYela .,, the 1lllique ~ IDd topopphJ of 

· PahbaDb pmveall raJiDa oat aa um"'oa betweea M'l'BB oxyfae1a ad. 
I)UjAIXDS~ 1'lle i)wpbll prevaleace dala f1aD .AIIcbollp ranftOt be 

• inliftllii-' teJadve tD M'gm OSJfuel ~ beca,le DO alndJar poap DOt 
...... lft'BB olyfuel 6*P*40 WU IIDdiecL · • 

' . 
• Anim•J IIDdiel haw lbowa deveqweroJ eifocta fmal npeaaed e~ . 

tD Jdp COIKeibltiGIII ol M'1'BB. B"""• ~pi dak C'nmt Jet be 
defined qallllilldvelJ~ However, bu.t • tbe ~ • a llat-te:aD 
&lpOIUle ctmma a critic11 period of seuid.vity caa pocaJ•iiDy C'DIO a 

'deve1opmeDIIl effect, dime ia pole!!d•1 dsk for de.ve1opmenta1 toD:ity u 
hJJman e•poao ex.;:eeds 48 maJm3

' whk:h would inciDdc some auoUne 
fill-up scei'lrios. Most plblic e~ to MTBB ale weD below this 
~ and are· DOt of c:oacem. Methyl tetdary butyl ether is not 
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u~que· amon2 gasaline constituents in having developmental effects in 
laboratory animals. Although it is beyond the scope that is possible in this 
document, the potential of the mixtures and the other individual components 
·of gasoline to cause developmental tOxicity should be considered and 
weighed apinst potential added ri,sk from MTBB in order to provide a 
complete analysis. ... 

· • Based on several .studies of laboratory animals exposed ~bronically to 
MTBB and annual human exposure estimates, it does not appear that there 

. is a significant risk for MTBB to cause chroDic noncancer effects. 1be 
. potential risk of noncancer health effects froiD chroDic exposure to MTBE 

as part of a complex mixture with gasoline is DOt Jmown. . 

• AJ. the present time and on a teDtative basis, there is no reason, to say there . 
is a serious carclnopaicity pubtic bealtb ~ fmm· the inhalation of 
MTBB, altboup some hazud is possible aDd rwessamy should be further · 
evaluated. Altboup UafiDished, die ameat .carciDopDidty usessmeau 
supports a. hazard classifJcatioD of •possm1e• buman cuciDopa, based upon 
•Jimitecf• animal evidence. Daaa fmm a newly reported, but not yet 
available,· oral exposure animal bioassay aDd additional .illfonnation· on 
kidDey-toxk:ity may modify (Le., an iDcre:ue is possible, a clecreas¢ is not 
likely) the tentative ~ da.ssi&:atioa. Cmdel.y esdmatecl dose-

. mspoase ualyses· sagest dill the poeaw:y of MTBB would be .ntladvely 
low. Methyl tertiuy butyl etba' is beiDa added to a p.soliDe, wlddlllself 
has a whole-mixtJue hlzud dassific:atjon of "pmbable• buman cuciDopa 

. IDd a relatively low esdmltrd pcMeiiCJ. .Altbmp it is DOt bowD wbat 
effect the ldditiou of MTBB bu OD the c:arciDopaic activity of the oxyfuel 
mixture, the MTBB compoaear ilself. seems. to be no wone dian the 
aonoxypmted psoUDe mjgtnro. 

·-
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